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PREFACE. 

THE present work differs in its arrangement and general con- 

tents from any exclusively astronomical treatise with which 
I am acquainted. I have had in view the production of a deserip- 
tive work, presenting the reader with the latest information on 
all points connected with the Solar System, yet written in a style 
as popular as the nature of the subject will admit. It will, there- 
fore, be understood that this little volume has no pretences to 
the character of an explanatory treatise on astronomy, but is 
rather addressed to that numerous class of readers whose time 
and inclination do not permit of any regular study of the princi- 
ples of the science, but are yet desirous of informing themselves 
as to the present state of ouf knowledge of the heavenly bodies, 
what has already been accomplished, and how much there yet 
remains to be done. 

I have thought it necessary, however, to introduce frequent 
explanatory remarks, for the more ready comprehension of those 
parts of the work, which, without such additions, might appear 
obscure or unintelligible. 

The present treatise is confined to the Sun, Moon, and Planets; 
but, if life and health be spared me, I hope to carry out the same 
plan to Cometa/ry and Meteoric Astronomy, and also to the Stars 
and Nebulm. The subjects are all so widely different, that it is 
no disadvantage to treat of them in separate works. 

To M. Le Verrier, and to those English Astronomers who 
have kindly famished me with more definite information on cer- 
tain points connected with their investigations than was to be 
found in printed authorities, I have to return my best thanks. 

J. RUSSELL HIND. 

Geovb Road, St. John's Wood, LoNoovy 
Dtumbwy 185L 
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THE SOLAR SYSTEM. 



of the Eartb. A group of spots nilh the penumbra surround- 
ing it, will freiiuently coyer b mueh larger portion of the Sun's 
disc One noticed in April, 1845, measured 5' 20", and 
another on the 6th of December, of the same year, was nearly 
of equal length. A cluster of spots seen at the Cape of Good 
Hope by Sir John Herschel, at the end of March, 1837, covered 
an area of nearly five square minutes, a space which Ihe reader 
will duly appredate on remembering that the diameter of the 
Sun is only thirty-two minutes. A minute in linear dimension 
on his disc being 27,500 English miles, and a square minute 
756,000,000. Sir John Herschel observes, that we have an 
area of 3,780,000,000 miles included in one vast region of dis- 
turbance on this occasion. M. Schmidt, of Bonn, counted up- 
wards of two hundred »ngle spots and points in one of these 
large groups visible on the 26tli of April, J 846, and one hundred 
and eighty in another cluster in August of the preceding year. 
It has been found by continual observation of the spots 
that their number variea conuderably in different years. It 
will sometimes happen on every clear day during a particular 
year, the Sun's disc always contains one or more of them, while, 
in another year, for weeks or even months tt^ether, no spots of 
any kind can be perceived. M. Schivabe, after twenty-five 
years close attention to the appearance of the Sun's surface, 
thinks he has discovered something like regularity in the preva- 
lence or otherwise of these phenomena, and b induced to sup- 
pose that the period of variation in the number is not lar from 
ten yenra. It is not easy to imagine any adequate cause for 
this cyclical appearance of the spots ; but in the present state 
of astronomy it is unsafe to reject any of the indications of 
careful observation, simply because we cannot fully account for 
them.* We would particularly recommend the solar phenom- 
*KI. Bchwabc haa nirniBhml a table exhibiting tbe number of dajB 
in each year betweeu 1S26 and 1643 on whicb the sun wu ft«e from 



^^M Dary telescopes nay do good service to Lhe Mience by regulnrly 
^^M nnlchiag and mapping down the spola day by day ; a. work 
^^B almost beyond the power of the professed obsonor, >iho has ho 
^^1 many other clnims upon his time and attention. 
^^B Besides the dark spots already described, we remark upon 
^^M the Sun's disc curved lines or streaks of light of a more lumi- 
^^M noua character than the ra'it of the surface, which are generally 
^H found in the neighborhood of the black spots, or where ihey 

^^M out amongst them. These phenomena are termed faculce 
^^1 (liehtstrei/en hy the Germans), and arc considered by Sir John 
^^1 Henchel as the ridges of immense waves in the luminous rc- 
^^m giona of the Sun's atmosphere, indicative of violent agitation 

^^M spots, and llio immbet of groapa showed. Tliis table is Interesting 
^^M in more tlian ono point of view, and is liere subjoined :— 
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in the neighborhood. Tbeyacu/o? are not so geuerally n 
as the spots, possibly because they require much betl«r c 
means to show them well. Yet M. Schmidt snya in the yesf 
1845 he never saw them at all, though during the early pact 
of the year he used one of Fraunhofer's celebrated telescopea^ 
of four feet focal length ; but on one day in 1844 they wers 
unusually distinct and visible in considerable numbers. Care- 
ful examination, with proper optical aid, shows that the Sun't 
dieo is covered with a fine mottled appearance, consisting of 
minute points, or, as Sir John Herschel terms them, " dark doUi 
or pores," which are constantly undergoing some alter&tioiii 
Tbe appearance presented by this uniform mottling of the Sun^ 
disc has been aptly compared by the same eminent astronomeS 
to the " slow subsidence of some flocculent chemical precipitate^ 
in n transparent fluid, when viewed perpendicularly from above." 

The rotation of the Sun upon his ni 
ready remarked, from observations on the positions of the spotti 
upon liis diKC on successive days. Astronomers have differed a 
good deal in the periods they assign to this rotation ; still it tl 
certain that we have now approximated within a very few houn 
of the truth.* Perhaps the period assigned by M. Bianchini, 
from very careful measures, in the year 1817, may be taken a 

* We antyoiQ the tEmea of the Bun's rotation, according to the Ta 
rions astronomers, from the age or Caesini to the pri'scnl; day ; — 
Caasini I, b; comparing his own observations with n, h. h. 
those of acheinar, &iC., ... 

Da La Hire, ..... 

Lnlande, 

Flaugucrgucs, from ohscrvatioua in 17P 

Delombre, 

MosF-otti, 

Taylor in 1835-6, 25 U 

Petersen, 26 4 30 

Laugier, 25 6 10 
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e of the best results ; this gives 25d. 7h. 48m, for one side- 
1 revolution upon the aw's, agreeing closely with the mora 
recent calculation of M. Laugief. Besides the time of rota- 
tion, observations of the solnr spots enable us to ascertain the 
position of the equntor, and iU nodes in reference to the ecliptic 
or the great circle of the heavens in which the plane of the 
earth's path lies. According to the eminent mathematician and 
astronomer, M, Delarabre, the angle between the solar equator 
and the ecliptic is 7^ 1 9', and the longitude of the node, or the 
point where the equator intersects the ecliptic is 80° 45'. 
Some later observations by Dr. Petersen at Altonn, assign 6'* 
51' for the inclination, and 73^ 29' for the position of the node. 
There are difficulties in the way of an exact determination of 
tiiese quantities, and not practical ones only, for some astrono- 
mers have strongly suspected that the spots rtally alter their 
position upon the Sun's disc, in which case the apparent diur- 
nal movement of the spots given by our observations will not 
B the real change due to asinl rotation, but must be partly 
lAnenced by the proper motion of the spot itself. Hence 
lobably arise the di^iordauces which are apparent in the re- 
if different astronomers, and in the times of rotation de- 
d by the same observer from observations of different spots. 
3 Earth is in the line of nodes about the first weeks of 
e and December, and at these times the spots, in traversing 
disc, appear to us to describe straight lines. As our 
i recedes from the line of nodes, the apparent paths be- 
e more and more elliptie^l, until we have advanced through 
c of longitude of 90°, or arrived at our greatest heliocen- 
i declination, when the cUipticity reaches its maximum, di- 
pishing again as we are carried forward to the other node. 
e paths of the solar spots consequently present the greatest 
i about the commencement of March and the middle 
September. 
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The discovery of the apota is usually dated about the be^- 
ning of the seventeenth century, or soon after telescopes cams 
into use. It appears, from thp papers of our countrj-man Har- 
riot, that he observed them on the 8th of December, IfllO, 
Christopher Scheinor, Professor of Mathematics at Ingoldstadt, 
remarked them in March following, and published a volumi- 
nous work upon the subject, entitled RoMa Ursina. The cele- 
brated Galileo noticed the spots about the same time, and, 
tract printed in 1G13, he afiirms that he bad shown them to 
several persons at Rome in 1611, and had mentioned their ex- 
istence to other friends at Florence some months previoaa. 
John Fabricius observed them at Wittenburg about the same 
time as Scbeiner, and gave an account of them in a small work 
published in' June, ICll. All these discoveries were very prob- 
ably entirely independent of each other ; but it seems quita 
certain that the £rst notice of a solar spot is to be dated at a 
much earlier period. Adelmus, a Benedictine monk, in i 
of Chariemavne, mentions a black spot observed upon the Son 
in the year 807, ou the 16th of the calends of April or Uarch. 
17th : this circumstance ia recorded by many historians, includ- 
ing Bede, Polydorus Virgil, and Aimoin, monk of St. Germain 
de Pres. Averroes, a Spanish Moor, is reported to have 
served dark spots upon the Sun's disc about the middle of the 
twelfth century. It has been suggested that the otbei 
mysterioas diminutions of the Sun's light when there wa 
eclipse, mentioned more than once by historians,*' may havs 
been owing to a great accumulation of spots upon his disc ; but 

• A remarkable instance ia recorded by Kcpptcr, Aslroaomia part 
njitiea, in tho Tollowing words — ■' Refert Gomma Pater et Filiua, 
15i7 ante conflictum Caroli V. cum Suoniic Dnce, solem per trei 
seu languine pcrfuann) comparuiase lit ctiam stellro pleneqae in mcri< 
die conspicerentur." The battle alluded toil that of Muhlberg,whicb 
was fonglit on tlie 24th of April, 1647. 



r 



THE SUN. 

it certuQly appears questionable ^bether tbey coulJ congregate 
in Buch uumbere as to materially lesseft the inteosity of the so- 
lar rays. ^ 

A great number of opinions have been advanced with regard 
to the nature of the solar spots. Schciner at fir^t conaidered 
them to bo solid bodies revolving round the Sun, and very near 
his surface ; in this opinion he was followed by Malapert, who 
termed them Sidera Auttriaea Perilieliaca ; by John TardS, 
-who, in his turn, called tbein Borhoina Sidera, as having been 
discovered in the reign of Louis XIII. ; and by the capuchin 
Antonio de Rheita, who thouglit he liad accounted for the fue- 
ulce, or luminoua ttpots, also, by stipjiosing them to be owing to 
the intense light reflected from the revolving planets on the 
Sun's surface. Galileo differed entirely front Schoiner and his 
followers, regarding the spots merely as clouds or exhalations 
from the Sun's surface, and urging as a fatal objection to Schei- 
ner's theory, that they are ever changing their form and gen- 
eral appearance, soinetimes vanishing suddenly, and bursting 
forth again with equal rapidity in other places. The idea of 
their being solid bodies was therefore soon rejected. 

The opinion prevaihng among the Lest authorities of the 
present day is, that these spots are piortions of the dark body or 
surfuce of the Sun, which are occasionally rendered visible from 
the temporary removal of the interposing luminous atmosphere, 
owing to local causes of disturbance, which, whatever be their 
true nature, appear to be predominant in the equatorial regions. 
Sir William Uerschel has accounted for the penumbra, and 
' general appearance of the spots, by supposing the existence of 
a transparent medium, which sustains the luminous atmosphere 
at a great altitude above the Sun's solid dark body, " canying 
on its upper surface a cloudy stratum, which, being strongly 
illuminated from above, reflects a considerable portion of the 
IT eyes, and forms a penumbra, while the sohd body, 
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slinded by this clouiU, reflects none." The disturbances vhic 
give rise to the visibility of the spots, Sir WilliRm thinks to \ 
due to powerful upward currenla of the atmosphere. 

Before closiD^ our acwunt of solar phenomena, we must m 
oniit a brief notice of the zodiacal Hr/kl. In these high lat 
tildes, it is not usually visible except about the months of M 
!ind April, in thu evenings, after Sun-set, and September an 
October, in the mornings, before Sun-rise ; yet in some yeais 1 
has exhibited itself in uncommon brilliancy as early as JantP 
nry. In tropical climates, the zodiacal light is far brighter, aa 
more sharply defined than we ever see Jt in lliia country. Il 
appearance is that of a conical-shapcd light, extending Jrom t!i 
horizon nearly along the course of the ecliptic, the vertex ai 
taining diatancea of 70° or 80^ from the Sun's place, or, i 
some observations would show, extending 100^ from the aam 
point. Hence it is evident its real extent must include ths 
orbits both of Mercury and Venus, and possibly even that ei 
the Earth. The visible length above the horizon, and t 
breadth of the light at its base, vary under different circu 
stances, the latter from about 10° to 30°. The general opin 
ion is, that the axis of the zodiacal light is in the plane of the 
Sun's equator. M. Houzeau has endeavored to show, by cal^ 
culation of a considerable number of obseriations by Cassid 
and others, that the elements of the zodiacal light are material! 
different from those of the Sun's equator : be fives the node g 
the light in 2" heliocentric longitude, subject to a jirobable erro 
of 12° or 13^, and its inclination to the plane of the ecUpti 
3°.35', subject to an uncertainty of rather more than 2^. 
these elements he finds his series of sixty observations ratlia' 
better represented than if the elements of the Sun's cquatoi 
were employed ; but the preference to be given to the formot 
is by no means decided. The subject deserves further iavetA-W 
gation, when a mueh larger number of observations a 







that employed by M. Ilouzeau. 
tbtnk Uie evidence ngain^t tJie supposed cainddeiici! of the 
above elements by no means sufficient to outiveigh the proba- 
bilities in ila favor derived from oHier conaideratioiis. Sir John 
Herscbel suggests Uiat the zodiacal light may be " no other 
tlie denser part of the resisting medium," which, as wc are 
aware, Uas disturbed the movements of one, at least, of tho 
lodical comets, " loaded perhaps with the actual materials 
of the tails of millions of those bodies of which they have been 
stripped in their sucwssive perihelion passages ;" and the same 
eminent astronomer shows that it cannot be, na some persons 
supposed, an atmoiipkere of tlie Sun, in the common nc- 
ition of the term, for dynamical reasons, 
connection with Sir John Hcrschel's idea relative to tho 
of the light, it is perhaps worthy of mention, that during 
Tisibility of the magnificent comet of March 1843, which 
tail 50" long, and almost grazed the solar orb, tho 
lifloa] light was unusually brilliant — so much so, in fact, that 
le confusion was caused by the publication of descriptions, 
latter phenomenon, which the observer appears to have 
m for the cometaty train. 

no recent occasion has the Light shown itself so conspic- 
ily or for so long a period, as during the early part of tho 
1850. From the middle of January to the latter end of 
ih it was constantly viable on clear evenings, but was 
early in February, when it decidedly excelled the 
condensed part of the Via Lactea about the constellation 
s. Observers who paid particular attention to the posi- 
tbe borders of the light among the stars on this occasion, 
pretty distant stations in England, have suspected the cx- 
ice of a very sensible parallax, but it is hardly necessary to 
,rk that the apparent variation in the position of the out- 
at two distant places on the same evening. 
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may be satisfactorily accounted for by the supposition of vary- 
ing atmospheric conditions. It is not possible to admit the re- 
ality of the parallax, if the luminosity observed in the western 
heavens in the early part of 1850, were, as we are at present 
under the necessity of regarding it, an appearance of the zodi- 
acal light. 

The first particular description of this phenomenon was 
given by Cassini the Elder in 1683, but it had been previously 
treated of by Descartes and Childrey, and it seems probable 
that it may have been remarked more than two thousand years 
ago. 
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THE INFERIOR PLANETS. 



TfTTTHIN the orbit of the Earth revolve the two planets Mer- 
' ' cury and Venus, recognized as such from the most remote 
antiquity. We know that these bodies move in smaller orbits 
than our globe ; first, because they never appear in the opposite 
part of the heavens to that which the Sun occupies, or, to use 
astronomical language, never come into opposition with that 
luminary : secondly, because under telescopic aid they present 
every variety of phase from the thin crescent to the fully illu- 
minated disc, which should occur if, receiving their light from 
the Sun, they were always situated within the Earth's orbit ; 
and, thurdly, because at certain times we actually observe them 
projected upon the disc of the Sun in their passage between 
that body and our globe, and have watched them in their pas- 
sage over him ; a phenomenon known as a transit, 

MERCURY, y 

The first of the inferior planets is Mercury, who performs his 
revolution round the Sun in 87d. 23h. 15m. 43.9s. at a mean 
distance of 36,890,000 miles. When between the Earth and 
the Sun, or near the time of inferior conjunction, the disc of this 
planet, as viewed from our globe, subtends an angle of about 
twelve seconds of arc, but the diameter dwindles down as Mer- 
cury approaches the opposite part of the orbit, where the breadth 
would not exceed ^^q seconds. 
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The constant proximity of the planet to tbe solar rays, hi 
greatly interfered irith observations of its physical appearand 
The German astronomer, SchrOler, who observed at the b^ 
ning of the present century and paid much attention to the su 
ject, considered he bad decided evidence of tbe existence q 
high mountains on the surfiice of Mercury, and it was b 
inJDg them at various times that ho concluded the planet had 
revolution upon its axis in 24h, 5ra. 28s. ; but this infen 
may yet require very eonsiJerable modification. Sir "W. I 
echel never remarked any spots upon the planet's surface, 
which he could approximate to the time of rotation, nor are 
aware that any astronomer since the time of Scbrbter has b 
able lo add to our Inowledge on these points. 

The eccentricity of the orbit of Mercury, or the devialioii 
hia orbit from a circle, is much lai^er than in the caw of i 
other of the old planets, aiid this circumstance, combined fl 
the great inclination of his equator to the plane of liis ann 
path, which Bchroter thinks may amount to 70'', must prodi 
a vast variety of seasons, with great extremes of heat a 
At perihelion, Mercury is only 29,305,000 miles from the Sffi 
centre, white in the opposite part of the orbit, or in aphelion, 
reaches to 44,474,000, making a variation of distance a 
from the eccentricity of his annual track, of no less 
15,160,000 miles, which is nearly five times as great as 
case of the Earth. 

The elongation or angular distance of Mercury from the Si 
measnred aa an arc of longitude, is never so great a: 
sequenlly he cannot bo seen except in strong twilight, eill 
morning or evening, and under the most favorable circumstaiK 
does not appear conspicuous to the naked eye, but twinkles I 
a star of the third magnitude with a pale rosy lighL 
not, therefure, too highly appreciate the diligence and atteuti 
of the andant aatronomeM, yho were not only sma9 i_ 
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^tence of the plnuet, but approximnted verj closely tu his 

tre able to expixiin the general nature of hia path 

in the heavens. Nevertheless we read of astronomers, aod bj 

no meana inattentive ones either, who have hved anj died witb- 

^^Mlt once seeing Mercury. Even Copernicus, the celcbrat<^d re- 

^Haferof the true system of the Universe, was never favored with 

^^priew of the planet, a circurastanee attribnted by Gasscndi to 

^Hm vapora prevailing near the horizon on the bimks of the 

Vistula. 

Oa examiaing Mercury with telescopes of adequate pover in 
different parts of hia orbit, we notice phases similar lo those 
presented by the Moon in the course of ber revolution round 
the Earth, with which every one ia familiar. At the greatest 
elon^tions eastward or westwai'd we see only half the disc il- 
fninated, as in the case of our own satellite at first or last 
. As he moves towards superior conjunction, hia form 
8 gihbom, and the breadth of the illuminated part in- 
outline of the disc becomes more nearly circular 
fe nearer he approaches that position. Owing to the intensity 
Ethe solar light we lose the planet for some little time previous 
&nd subsequent to the superior conjunction, but, on emergence 
from the Sun's rays, we find the form still gihhous, the gibbosity 
being now on the opposite side. The illuminated part dimia- 
B as the planet draws near its greatest eloi>gation, about 
Uch time it is ag^n seen as a half moon under telescopic aid ; 
ta, M it advances towards inferior conjunction, the form be- 
Snies more nearly that of a crescent, until it is lost for the 
second time in the Sun's refulgence, except at certain epochs of 
Qot very frequent occurrence when we see it as a black spot 
traversing his disc ; a phenomenon appropriately termed a 
transit of Mercury. 

The real diameter of Mercury appears to be about 2950 
ules i this value being deduced from very accurate measures 
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taken during the last few ^e&rB. There is but little difierenoofl 
between the polar and equntoriat diameters, tbe compfeaaioitM 
probably not e:(ceeding' 1-150. M 

As fur as ue are aware, Mercury is not attended by a sstd'^ 
lite, and the determiDntion of bis maiis, therefore, becomes a veiyfl 
difficult and uncertain matber. But it fbrtunately happens thatfl 
we have a curious method of approximating to this elemen^.l 
viz., by the perturbations produced by the planet in Ibe mov»- * 
menta of a comet known as Encke'a, which revolves round the 
Sun in little more than three years, and occasionally apptoacheB 
very near Mercury about the times of perihelion passage. 
this subject we shall have more to say when we come to trest J 
of tbe comeEa. We shall here merely stats the result thus ob- 1 
tained, which indicates that the mass of tbe Sun exceeds thatfl 
of the planet 4,865,750 times, or the mas?, as usually expressed,! 
13 1-4,865,130. The density of Mercury under this n 
is 1.12, that of the Earth being put equal to unity. 

In order that a transit of this planet over the disc of the S 
may take place, it is necessnry tbat tbe Earth should be in t 
line of nodes of Mercury at, or very near, the time of his p 
sage through them, this bringing the three bodies very nearlyfl 
in the same line, The nodes are situate at present in 46.1° -< 
and 226.7" of heliocentric longitude, at which points the Eardll 
arrives about the 10th of November and the 7th of May, and ( 
in consequence of the very slow sidereal motiou of the nodes i 
(amounting to only 13' in one hundred years), the transits of ' 
Mercury must occur for a long time to come in one or other of 
these months, those at the Ascending Node taking place i 
November, and those at tbe Descending Node in May. 

The first recorded phenomenon of this kind occurred o 
Tth of November, 1631. In a dissertation published at Leips 
in 1629, Kepler notified to astronomers, that according to L 
calculations a transit must occur on this day, since ;il 1 
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conjunction he had found the latitude of Mercury b; bis 
fabl«3 less than the Sun's semi-diameter. This interealiiig pre- 
diction was verified by Gaseendi, at Pnris, He discovered the 
planet on the disc of the Sun shortly before nine o'clocti in the 
morning. At first he thought it a spot which bad not been re- 
marked on the preceding day, but continuing bis observations, 
its motion was soon delected, and he saw the planet leave the 
Sun's disc on the western limb about b«lf-past ten, a.m. It 
■was found that Kejiler's tables represented the circumatancos 
with far greater precision than even the author himself bad 
hoped for. 

The second observation of a transit of Mercury was made 
by Jeremiah Shakeriey, on the morning of tho 3d of Novem- 
ber, 1661, at Sumt, in the Ewt Indies. It is said Sbakerlay 
was so desirous of witnessing the phenomenon that, having 
found by his calculations it would be invisible in England, he 
.made the voyage to India for the purpose. 

The third recorded transit was observed at Dantzic by the 
>brated astronomer, Ilevelius, on the 3d of May, 1C61. He 
m the planet on the Sun's dbc four houra and a half. 
The next transit took phtce on the 7th of November, \(i11, 
and was witnessed by our illustrious Halley, at St. Helena, and 
by M. Gallet, at Avignon. Halley thought the times of ingress 
(ind egress might be observed within a single second of time, 
and pointed out bow the Sun's parallai might be ascertained 
fiom such observations, taken at places widely distant from 
Another, remarking, however, that the difference of the par- 
would not be large enough to give very certain results. 
liogly, the transits of Mercury have not been employed 
sbove purpose, but we shall presently have occasion to 
H Mmilar phenomenon in the ease of Venus, which is far 
adapted to give us a correct value of the Solar Farallax. 
tratisit of Mercury occurred on November 10, 1C90, and 
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WHS observed in China by the Jesuit tnisaionariea, at Erfurt V 
Godfrey Kirch, and nt Nuremberg by Wurzelbaur. Aaoth^ 
in 1697, on November 3, wbs wituessed by astroiionitrs at 
Paris, and other places. One on the ninth of November, 1723, 
was watched at Paris, 0«uoa, Bologna and Padua, bui the Jirat 
complete European observation of a transit of Mercury beara 
dale November 11, 1736, when nearly all the astronomeiB of 
the time observjid the planet in its progress across the Sun. 
Since this epoch the phenomena have been pretty closely 
watched. The transit of 1802, November 9, was seen by the 
well-known JerAme de Laiande, who was the more interested 
in it, inasmuch as he remarks it was the la^t he could hope to 
witness. That of 1832, May 5, was visible in this country, 
though a general prevalence of unfavorable weather occasioned 
much disappointment. The next occnn'ed on the 7lh of No- 
vember, 1835, but was not visible in these parts of the EartL 
Anotlier on 1 845, May 8, was partially observed in this country, 
and also the last, on November 8, 1846, which is the twen 
fifth that has occurred since the phenomenon was first notad^ 
Gassendi. 

The following table exhibits the circumstances under whi 
the remaining transits of the present century will take plag 
The numbers have no pretensions to e):treme accuracy, t 
tables, both of the Sun and planet, have been coDsideraUJ 
improved since the calculations were made by M. Lalando :- 
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n describing their observations of the transita of Merouty, 
e of the terms internal and external coD' 
tacts. At the ingress or entrance of the planet upon the Sun's 
disc, tho external contact takes place when the limb of tbo 
planet first makes a perceptible indentation on the limb of the 
Sun ; this phenomenon can never be observed with .-uiy great de- 
gree of accuracy, and is therefore less important than the ob- 
serratioQ of interftal contact, or the moment when tho irliole 
disc of the planet is fairly projected on the Sun's surface. Whoa 
a fine thread of light ia seea between the outer limb of the 
planet and the Sun's limb, the internal contact has passed. 
At the egress, or on the planet's leaving the solar disc, these 
contacts of course recur, but in reversed order. The moment 
of interna! contact is indicated by the disappearance of the 
thread of light, and that of external contact hy the absence of 
all appearance of indentation or distortion of the Sun's limb. 

Before leaving this subject, we may notice several curious 
phenomena which have been remarked by astronomers during 
their observations of tho Transits of Mercury. At the first ex- 
ternal contact, something like a. penumbra or light shade upon 
the Sun's disc has been remarked. As the planet advances 
tovfards the inlerna) contact, a " black drop" or line has ap- 
peared to connect its limb with that of tlie Sun, or the contour 
of the planet h^ been seen distorted in such a manner as U> 
give it a pear-shaped form just before the formation of tbo 
luminous thread. Such appearances are doubtless to be as- 
cribed partly to atmospheric circumstances ; but this cause 
atone is not sufficient to account for them completely, for dif- 
iwent telescopes at the same station have frequently given very 
i, tbo distortion of the outer limb of Mercury 
• apparent in some instruments, while in others nothing 
e kind has been remarked- It happened thns at the last 
a November 1848, when an elongation of tho planet's 



limb was distinctly seen with onu telescope at the Roval Ob- 
servatoiy, tliougli others afforded do iudicntioua of it. An- 
other singular ap[>earaDce which has been mentioaed by Beveml 
observers nt different transits, is thut of a lumioous spot or 
"globule" upon the disc of the planet when projected upon 
the Sm. It was remarked by Wiirzelbaur at Nuremberg, in 
November 1607 ; again at Utrecht, in May 1832, by Froressor 
Moll, who says it4 periphery was not well defined, but seemed 
gmdually to sink from a grayish white to the dark color of 
t)ie planet's disc : it was always situated in the eame posiljoo, 
or a little south — preceding the centre of Mercury. A teles- 
cope by Dollond and another by Fraunhofer showed the spot; 
in precisely the saino manner, though various eye-piecea, mag- 
nifying from 06 to 324 times, were employed. A similar 
roundish spot of a grayish tinge was noticed at the last transit 
in 1848, in England aud America. Luminous rings round the 
disc of the planet have been repeatedly noticed, and on other 
occasions dark or nebulous rings have been remarked. In 
1709 and 1832, the ring had a darker tings of a violet hue, 
tbo color being strongest near the planet. These phenomena 
may probably arise from a aimple cause, though at present it 
is very imperfectly understood. An American observer of the 
transit in 1848, says the duaky ring only appeared when the 
Bun was covered by a thin haze ; yet it is not improbable that 
the planet's atmosphere may canse a similar nebulous- looking 
ring. The " black drop" already mentioned as having been 
obaen'ed at the tngreas, is occasionally recorded at the egr^t, 
the limb of Mercury being drawn toward that of the Sun, bo 
as to cauw a distortion in the opposite direction to that which 
is obser\*ed to take plnco at the planet's entrance upon the f 
Sim's disc 

Such are the most remarkable circnmstances connected Rll 
the appearance of Mercury during his transits. 
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The most ancient observation of this phmet that has de- 
scended to us is dated in the year of Nabonassar 494, or 60 
years after the death of Alexander the Great, on the morning 
of the 19th of the Egyptian month Thoth, answering to the 
15th of November in the year 265 before the Christian era. 
The planet was observed to be distant from the right line join- 
ing the stars called ^ and d in Scorpio, one diameter of the 
Moon ; and from the star ^, two diameters towards the north, 
and following it in Right Ascension. Claudius Ptolemy re- 
ports this and many similar observations extending to the year 
134 of our era, in his great work known as the Almagest. 

We have also observations of the planet Mercury by the 
Chinese astronomers, as far back as the year a.d. 118. These 
observations consist, for the most part, of approximations 
of the planet to stars. M. Leverrier, the eminent French 
geometer, has tested many of these Chinese observations by 
the best modern tables of the movements of Mercury, and 
finds, in the greater number of cases, a very satisfactory agree- 
ment. Thus, on the 9th of June 118, the Chinese observed 
the planet near a cluster of stars in the constellation Cancer, 
usually termed Praesepe ; the calculation from modern theory 
shows that on the evening of the day mentioned. Mercury was 
less than one degree distant from the group of stars. 

Although the extreme accuracy of observations at the pres- 
ent day renders it unnecessary to use these ancient positions of 
the planets in the determination of their orbits, they are still 
useful as a check upon our theory and calculations, and possess, 
moreover, a very high degree of interest on account of their 
remote antiquity. 

The tables of Mercury at present employed in the com- 
putation of Ephemerides, or for predicting the place of the 
planet at any time, as viewed from the Earth or Sun, are those 
of Baron Lindenau, published in 1813. T ese tables ^till 
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agree, within moderate limits, with the results of observation ; 
but M. Leverrier has greatly improved the theory of the planet 
within the last few years; and it is understood that tables 
based upon his more correct elements are in course of publica- 
tion. We have given the numbers assigned by this eminent 
geometer in the table of Planetary Elements, together with 
those which form the basis of the Baron Lindenau's calcula- 
tions. 



CHAPTER IIL 
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THE second planet in order of distance from the Sun is 
Venus, the most conspicuous of all the members of the 
planetary system, when she is favorably placed with respect to 
our globe. Her sidereal revolution round the Sun is performed 
in 224d. 16h. 49m. 8s., at a mean distance of 68,770,000 
miles, or nearly double that of Mercury. 

The apparent diameter of Venus varies much more sensi- 
bly than that of Mercury, owing to the greater extent of varia- 
tion of distance from the Earth. At inferior conjunction, or 
near this point, her disc subtends an angle of about seventy 
seconds of arc, — while, at superior conjunction, it is less than 
ten seconds. The disc is never fully illuminated except at 
superior conjunction, when the planet is lost in the Sun's rays : 
but with a good telescope we may trace the variations in her 
form from the full gibbous to the narrow crescent, — changes 
which follow the same law as in the case of Mercury. 

The real diameter of the planet is not very accurately 
known; the best observations assign about 7,900 miles, or 
about the same as the diameter of the Earth. We have at 
present no means of determining from actual observation the 
exact difference between the polar and equatorial diameters, 
but it is certainly very small. 

The disc of Venus under telescopic vision is far too bright 
and glaring to allow of our obtaining any very predse knowl- 

2* 
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edge of the constitution of her surface. Tbe elder Gasaiaj 
natched the planet attentively about the year 1S67, audoi 
several occasions remarked ill-defiued dusky apols, which 1 
observed with the ciew of ascert^ning the time of axial Ti 
tion. This be considered to be about 2.lh. lElm. 

An Italian astronomer, Bianchini, Boon sf^r wards published 
Bome obaervationa, from which he inferred thai Venus occupej 
no less than twenty-four days in revolving upon her axis. 
marked a disagreement in the conclusions of two observeiqj 
could not fait to attract the attention of Sir William IleRclH 
who carried on for many years a careful examinatioo of tl 
planet's surface, partly with the view of determining which Qj 
Ihe periods was the correct one. He occasiouatly s&w b 
upon the disc of Veuus, particularly in the summer of 1' 
but the result of his observations would not give the time el 
rotation. " For," he observes, " the spots assumed often t 
appearance of optical deceptions, such as might arise from pii 
matic Hffe4;tions, and I was always very unwilling to lay any 
stress upon the motion of spots, that either were extremely 
^nC ntid chaugenble or whose situation could not be precisely 
ascertiuned," The great power and light of the forty-fc 
Sector was found to be ratLer an inconvenience than otherwi 
in these observations ; in fuct largo telescopes of any kind h 
seldom been employed with advantage on the planet Venui 
Sir William Herschel considered he had decisive evidence < 
the existence of a dense atmosphere, to the eflects of which h 
attributed the appearance of a luminous border or bright t 
^n on the fully illuminated limb of the planet, from which tl 
light diminished pretty suddenly. The prolongatioi 
cusps of Venus beyond a semicircle was also thought to I 
owiTig to the refraction in the atmosphere. The terminatioBI 
of the cusps were always observed to be sharply defined ai 
perfectly free from irregularities, such as the appearatice 01 
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f mountains on the fiurtiicc might occasion. Schroter, who paid 

much attention to his obaervations on this planet, assures us 

that mouDtains exist upon it of lifteen and even twenty miles 

altitude, or of far grea(«r height than any upon the earth, and 

be remarked further that the greatest inequalities are in tlie 

Southern hemisphere.* The sunie astronomer, from closely 

watching the atmospheric spots and appearance of the horns, 

I and from eight observations of a fixed point on the surface, as- 

kcertained that the time of rotation ia 23h. 21m. T.SSs., a result 

fwhicb has been pretty generally recei\'ed, though it may here- 

PlAer be somewhat modified. In confirmation of this period of 

evolution, it may be remarked that Cassini II. was able to 

IF the Mlacy of Bianchini'a inference by comparing all hia 

er's observations together, and he further proved that the 

paiticulare given by Bianchini could be represented by a rota- 

n of little l«8s than one of our days.f Sir William Herschcl 

• For a month following the lUh of December, 1789, Schroter 

notked that the Southern horn appeared blunt with in enlightened 

SKHintain In the dark part or the disc, which was fonud to be 18,000 

tubes in height, or rather less than twenty-two English milea. The 

highest mountain was supposed by Schroter to be 18,900 toiscs in 

altitude. These numbers, however, must he received with caution, 

for it may be doubted whether the micrometers, &e., employed by the 

it and able observer at Lilienthal, were snfflciently delicate for 

IS of this nature. His measures of the diameters of some of 

le minor planets are well known to be greatly hi excess of the values 

y the Improved instruments of the present day. 

e same remark may probably apply to some observations on 

It upon the disc ofVenufl, by M. Flaguerguea, at Viviers, between 

1 and ISth of July, 1706, which are said to favor Biancbini's 

iclnaion with respect to the time of rotation. The observations in- 

cated that the axis of Venus is inclined at an angle of 73° S2', to 

t of the elliptic (which agrees with Cassini's result), the North 

S being directed to 821° 20" longitude. These particulars were 

td b; M. Flauguergnes to the Academy of Sciences at 

are pretty satisfactory as regards the position of the axis. 
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vax (if opinion that the time of revolution could not be so 
aa twenty-four days, though, as above stated, his own 
perience did not enable him to assign the precise period. The. 
lale Professor De Vico, in the admirable sky of Rome, 
qnently saw spots upon Venus ; but for a steady view of t 
it was necessary to wait for the very beat atmospheric 
ditions, even under an Italian sky, as the author was assured 
by this diligent observer. Professor Madler has recently made 
a series of observations, from which he deduces the amount of 
horizontal refraction, and finds it one sixth greater than in oui 
own atmosphere, 

Venus b a morning star from inferior to superior conjunctioD, 
and an evening star from superior to inferior conjunction. Her 
greatest elonga^on from the Sun, in longitude, is about 47° 
16', hence she is never observable more than from three tofoDT 
hour* after sun-set or before sun-rise. Occasionally she att^ns 
so great a degree of brilliancy as to be distinguishable at noon- 
day in a favorable sky, without the assistance of a telescope.* 
His happens once in eight years, when the planet is at or near 
its greatest north latitude, and about five weeks from the time 
of inferior conjunction. One fourth of the disc, or rather less, 

" Ctaudianus relates that in the Toarth year or Hanoriag, Emperor 
of the Wuat, or i,d. 39S, a. etnr was seen in the daf-time as bright al 
Arcturus appears at iiigtit, Venus might Iw observed at noon-da]' 
about the end or Jannar? and beginning of February in this year. It 
was probably this planet that altracled attention in tlie day-time id 
Q84, according to a Saxon Chronicle, and again on Easter Sunday, 
1008, and at Ibo end of the yesr 1014. Several writers mention the 
appearance of a star at the sixth hour of the day, m- about nixm. on 
Palm Sunday 10T7 (April 0) ; Venus was then approaching her Inferi- 
or conjunction, and might probably be the object here referred (o. 
On tbe 29lh of January, 1280, she was seen by day-1i°lil, and again 
.'iir some days about the 27th of May, 1363, like a very small aur. 
Very recently the cariosity of the Pariaiao public was excil«d by tliti 
ilscovery of a star in the day-time, which proved to be Venus. 



fcilluminsted, and under llie«e circumstances the planet biu 
observed to cast a very sensible ahadow at niglit. The 
ration from the Sun at the time of maxiiniiin brilliancy is 
ir less than 40^, and the diameter of the illuminated part 
,t ten seconds of are; the phase is therefore similar to that 

presented by our own satellite about three days from the Nevf 

Astronomers are by no means satisfied vrhetber the planet 
Venus be attended by a satellite or not. Observations have 
been made which arc strongly in favor of the existence of such 
an attendant, but many of the moat diligent observers of past 
aacl present times have watched the planet under every variety 
of climate and atmospheric condition and with telescopes of all 
kinds, without once obtaining a glimpse of a satellite. It is a 
qnestjon of great interest, and must remain open for future de- 
We shall here briefly recapitulate the evidence in favor 
ft satellite. 

■ The celebrated Cassini was the first astronomer who noticed 
f suspicious object near the planet On the mornings o£ 
iDUary 25th, 1072, and August 27lh, 1686, he distinctly per- 
t luminous body, presenting on the first occasion the 
e phase as Venus, and about one quarter of her diameter, 
e well known optician, Short, remarked an object with the 
e phase as the planet, and about ten minutes of space from 
fton the morning of the 3d of November, 1740. In the 
Bnth of May, 1761, M. Montaigne, at Limoges, saw what he 
considered to be a aafcllite on four evenings. It was always 
one fourth of the diameter of Venus, with precisely the same 
form, and changed its position with respect to the planeL In 
March, 1764, the supposed satellite was observed by several 
astronomers, and, what is most important, at places widely dis- 
tant from one another. RodVier, Horrebow, and others at 
Sopenhagen, with a retracting telescope, and Montbarron at 
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Auserre, with a Gregorian refl-ector, repeatedly anw the tilteud- 
aot between the 3d and 29th of that month. Its diameter 
was eBliiiiatcd as before at one fourth of that of the planet.* 
Since that time, so far as we are aware, no suspicion of a sateU 
lilfl baa been entertained by any obsen'er. It has been urged, 
if there really be one in existence, it should have been readily 
aeen at those times when Veoua, like Mercury, has traversed 
the Sun'a disc; yet only two of the very many who watched 
the transits of the last century profess to have seen any object 
resembling an attendant upon the planet. Sir W. Uerschel 
penreived no traces of a satellite, neither did Scbruter, though 
he was most assiduous in his observations of Venus, Still it 
is not easy to understand how all the observers of the last oea- 
tury can have been mistaken. In this state the question at 
present reraains, 

Tliere are several methods by which the mass of this planet 
may be ascertained. The effect of its attraction ujjon our 
globe causes the Sun's place to differ by a sensible quantity from 
what it should be, supposing this attraction was not in force, 
and the planet also exei'cises an appreciable influence on the 
precession of the equinoctial points. The moat accurate inves- 
tigations show that the mass is 401,8^9 times less thanthatof 

•ProfessorLambert collected the obacrvationa tigftbcr, and aoc- 
ceeded in deducing from (htm a pretty consistent orbit. The period 
or revolution assigned was lid, 6h. ISm., and the mean distance of 
the s&telKte from Venus 6H aemi -diameters of the Earth, or about 
255,000 miles. Tlie eccentricity given by Montaigne's observBliona 
appeared to be 0.105, and the position of the aphelion, in 1700, In 
longitude 2d6° : the node at the same epoch was 233°, and the plana 
of the orbit made with that of the elliptic an angle of 64°. There is 
one (atal objection to this orbit, ootwithstandlng its apparent agree* 
ment with observation ; if it were correct, the mass of Venna would 
be ten limes greater than the value found from theory hy other 
methods. Lambert's calculations will he found In Bode's JkarbucA tor 
1777. 



7EHnB. 



89 



tiie Sun ; it is, therefore, a little smaller than the niHss of the 
Earth, though a nearer approach to it than obtains with any of 
the other placets. 

Transits of Venus over the Sun's disc take place under the 
some circumslances as those of Mercury, or when she has the 
wma heliocentric longitude as the Earth, at or near the times 
of the nodes. The present position of the line of nodes is in 
longitude 75^,6 and 2oS'fi, and the secular sidereal motion of 
this line is 31', wherefore for a long time to come the transits 
of Venus must occur early in June or December, those in the 
former month at the Ascending Node, and those in the latter 
month at the Descending Node. Owing, however, to the length 
of time required after a conjunction to bring the Earlh and 
planet into the same heliocentric position again, the transits of 
Venus are of rare occurrence, taking place at intervals of about 
eight and one hundred and thirteen years. They are phenom- 
ena of the highest importance as enabling astronomers to de- 
termine the distance of the Earth from the Sun, with far greater 
Bccumcy than any other method will give it. To do this sue- 
ce^fiillf, it is necessary to have observations taken at places 
Offering widely in latitude, so that the displacement of Venua 
upon the Sun's disc, owing to the effect of pamllaic, may be as 
lai^e as possible. Now, under the circumstances that the tran- 
aita of Venus at present occur, the distance of the planet from 
the Sun is to its distance from the earth as 73 to 20, or very 
nearly as 2^ to 1. Supposing we had observations taken at 
each of the poles of the Earth, it would be found that the dis- 
placement of Venus on the Sun's disc would occupy a spnce 2+ 
times as great as the ^Earth's diameter, viewed from that lumi- 
nary, or £ve times as large as the Sun's horizontal parallax. 
Hence we see why the transits of Venus are bo much more 
important than those of Mercury in the determination of this 
element, for similar considerations applied to the latter planet 
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'ill show that the displacement upon the Bun'a disc, instead of 
exceediTtff the borixontnl parallaic, will be half as small again, 
so that any error entailed in the observalioD will have an effect 
upon the final result equivalen^ to more than twice the amount 
of that error. In tlie case of Venus, however, any error of 
observation can only influence the deduced parallax by one 6fth 
of its actual amount. 

The observation consists in ascertaining the time of duration 
of a transit, or the interval elapF^ing between the ingress and 
^rresB of the planet upon the Sun'a disc. The theory of Venus 
and the Sun'a diameter being weli'known, such obaervatioDB 
readily give the parallax of the planet, and hence that of the 
Sun. 

Venus was first observed upon the Sun's disc in the year 
1639. Jeremiah Horrox, of Hoole, near Liverpool, while em- 
ployed in calculating an ephemeria of the planet from t-ans- 
berg's tables, found that the geocentric latitude of the planet at 
the moment of infetiur conjunction on the 24th of November, 
would be less than the Sun's semi -diameter, and consequently 
that it must appear upon his disc. These tables, however, had 
BO often deceived him, that he had recourse to the Tabula 
£udolpAina, then newly published by Kepler, and based upon 
the observations of Tycho Braiie, the most exact astronomer of 
his age. According to Kepler's numbers, he found the tranmt 
of the planet equally certain, and, applying some corrections of 
his own, he expected to find the planet in conjunction at 4 p.m., 
on the 24th of November, about ten minules south of the Sun's 
centre. Having thus satisfied himself that Venus must really 
appear projected upon the solar orb, he gave notice to hia friend 
Will'iara Crabtree, a zealous astronomer, desiring bim to observe 
it Fortunately the planet was seen upon the Sun'a disc by 
both observers, though Crabtree, interrupted by a cloudy sky, 
caught only a single glimpse of it. To make sure of the mat- 



ter, Horrox commenced liis examination of the Sun on the 23d 
of November, and repeatedly watched it until one o'clock, p.m., 
on the 24th, when he was called away by basiness. On return- 
ing at a quarter past three o'clock, he readily discerned the 
planet whith had just fully imtnerged ujKHi the solar disc ; in 
faat, at the liKt view, its outer liinb coincided with that of tlia 
Suu. Ec continued his observations until a few minutes before 
sun-set. Horrox transmitted tLe image of the Sun through a 
telescope into a darkened room, a mode of observation which 
was attended with great advantage. 

Such are the circimintances under which the planet Venus 
was for the firet time beheld as a black spot upon the Sun's 
disc 

No other transit of Venus occurred until the 5th of June, 
1T61. Dr. Halley had pointed out, many years previous, that 
the parallas of the Sun could be determined within a small 
fraction of a second from observations of this phenomenon, and 
a high degree of interest was awakened aa that of 1761 drew 
near. Observers proceeded from Europe to distant pnrtaof the 
earth to secure data for ascertaining this important quantity 
with exactness, and astronomers were on the watch from Tobolsk 
in Siberia to the Cape of Good Hope. The results have been 
discussed by Professor Encke, of Berlin, in a special treatise on 
the subject; but it is found that the individual values for the 
Sun's parallax do not agree so well as might have been antici- 
pated, and it is most fortunate that another transit, on the 3d 
I of June, 1780, has afforded more consistent numbers. 

Very extensive preparaljons were made for observing the 
[ transit of 1789. An expedition was equipped, on a large scale, 
1 and despatched to Otaheite, under the command of Captain 
Cook, and at the expense of the British Government. Continen- 
tal powers hkewise joined in the preparations, and astronomers of 
various nations were sent out to the most advantageous points 
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for obacrvalion. The ingreaa of the planet on the Sun's disc 
waa seen at almost all the obse]'vatorieB of Europe; the egress 
at St. Petersburg, Fekin, Orenburg, Jakutak, Manilla, Biitavia, 
&c., and the conipiete duration of the transit at Cape Wnrdhus, 
Eola and Oajenubui^ in Lapland, at t'talieite, Fort Prini^e of 
Wales and St. Joseph in California. The resulting parallax is 
cousidered certaio within a very sraall fiaction of a Hecond of 
Bpaiie ; separate investigations by Professor Encke and M. dtt 
Ferrer having led to precisely the same \alue. 

Ifo transit of Venus baa taken place since the year 1769; 
the next will occur on the morning of the 8th of December, 
1814, but will be invisible in tbis country, the conjunction hap- 
pening soon after four o'clock in the morning, and the egress of 
the planet nearly two hours before sun-rise. Another transit 
will take place on the Gth of December, 1882; the entrance of 
Venus on the Sun's disc ivill be observable in England, and her 
progress across it may be watched till sunset; but the egress 
will not occur until eight o'clock in the evening. No transit 
will happen during the twentieth century. The next, on the 
morning of the Tth of June, 2004, will be visible under favor- 
able drcumstances in these parts of the world.* 

Similar phenomena to those we have already noticed as at- 
tending the transits of Mercury, take place on an extended scale 
during those of Venus, A kind of lucid wave gave the firat ia- 

• Trnnails ot Venna occurred i 
tirma of M. Dulnmbre:— 
A.D. 002, November 28, 9 a.m. 
" 910, November 32, B p.m. 
■' 1032, May 24, 7 P-m. 

" 1040, May 22, U a.m. 

" 1145, November 26, 8 i,M. 
" 1163, November 23, 8 p.m. 
The hour given being [hat otd 
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t rollow, according to tbo calcola- 

i.D. 1275, May 26, 10 p.m. 

" 1283, May 28, 8 p.m. 

" 1388, November 26, 7 a.m. 
" 1896, Novisraber23, 7 p.m. 
" 1518, May 28, 2 a.m. 

" 1526, May 23, 8 p.m. 

Inunction of tlie Snn and pbnet in 
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Umation of the planet'» approuuh to tlie Sun in 1 769, according 
to nu observer at UreeDnich ; this was folloned by an apparent 
" twiiling" of the solar limb at the same place, which continued 
visible for some seconjs. When the planet had partially en- 
ti^red upon the disc, a, distortion of its outlitie was remarked by 
several persons, the planet Rssumiiig an ovrI or elongated a|i- 
pesrancQ ; that part of it, nbich was still off the disc, Bcemed to 
bo surrounded by a faint border of light. The " binck dfop," 
shortly be^re internal contact, is mentioned by numerous ob- 
aervera in £iirope and America, and ilie completion of the 
luminous thread denoting that the contact had passed was very 
generally described. Narrow circles of light were noticed round 
the planet during its progress across the Sun, and one observer 
speaks of an illumination of the disc, possibly similar to that re- 
corded occasionally in the transits of Mercury. Similar ap- 
pearances to tbose noticed at the ingress have been found to 
offer themselves when the planet is leaving the Sun ; but, of 
oouise, in reversed order. 

The tables of Venus in present use tor predicting the place 
of the planet in the heavens, are those of the Baron Lindenau, 
published at Gotho, in 1810. Within the last ten years the 
elemenU have been nauch improved by several English astrono- 
mers, with the aid of observatioiis taken at our Royal Observa- 
tory. A most important addition has also been made to the 
theory of the planet by Mr. Airy, since the appearance of the 
above tables, consisting of a long inequality affecting the places 
of the earth and planet, as viewed from the Sun, to a very sen- 
sible amount. It arises Ironi the near commensurability of the 
mean motions of the two bodies, thirteen times the period of 
Venus being nearly equal to eight times the period of the 
Earth. This inequality goes through all its changes of magni- 
tude in about 240 years, and was at a maximum about the 
fommencemant of the present century, when the heliocenlrid 
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place of the Earth was changed two seconds of space, and that 
of Venus about three seconds, by this cause* At present the 
tables of Baron Lindenau are quite exact enough for all prac- 
tical purposes ; but from what has been said, it will be evident 
that astrononaers have the means of improving them very con- 
siderably. 

Claudius Ptolemy has preserved for us, in his " Almagest," 
many observations of Venus by himself and other astronomers 
before him, at Alexandria, in Egypt. The most ancient of these 
observations is dated in the four hundred and seventy-sixth year 
of Nabonassar's era, and thirteenth of the reign of Ptolemy 
Philadelphus, on the night of the l7th of the i^ptian month 
Messori, when Timocharis saw the planet eclipse a star at the 
extremity of the wing of Virgo. The date answers to b.c. 271, 
October 12 a.m. 

Similar occultations of stars and planets by Venus have been 
witnessed in modern times. Regulus, the bright star in Leo, 
was twice eclipsed by her in the sixteenth century : on the 16th 
of September, 1574, according to Msestlin, and again on the 
25th of September, 1598, as Kepler relates in his "Astronomies 
Pars Optica." Mars was occulted by Venus on the 3d of Oc- 
tober, 1590, and Mercury suffered a similar eclipse on the 17th 
of May, 1737. 



CHAPTER IV. 

THE EARTH. 

¥£ have now to consider the Earth on which we dwell, in its 
astronomical relations, as one of the primary planets re- 
volving round the Sun, next in order, beyond the orbit of 
Venus. 

Astronomical geography teaches us that the Earth is not a 
perfect sphere, but is somewhat flattened at the poles ; the 
equatorial diameter, therefore, being the greatest, as we shall 
presently see to be the case with the superior planets. The 
form of the Earth is, consequently, an oblate spheroid. The 
elaborate calculations of Mr. Airy, and the late Professor Bessel, 
have furnished us with a very exact determination of the actual 
dimensions of our globe. According to the former astronomer, 
the equatorial diameter measures 41,847,426 English feet, and 
the polar diameter 41,707,620 feet. These measures, reduced 
into miles, give 7925.6 and 7899.2 respectively : the compres- 
sion at the poles therefore amounts to 26-}^ miles, or it is about 
l-300th part of the whole diameter. 

The transits of Venus, as already remarked, have givfen us 
the value of the Sun's equatorial horizontal parallax with great 
exactness. This quantity is really the angular measure of the 
Earth's equatorial semi-diameter, at our average distance from 
the Sun. Wherefore, knowing the number of miles in the di- 
ameter of our globe, we can readily ascertain by trigonometry 
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the mean distance of the Earth from the Sun in miles, which is 
95,298,260. 

That great circle of the heavens which the Sun appears ta 
us to describe in the course of a year, owing to the annual rev- 
olution of the £^rth round that body, is called the ecliptic, and 
the plane of the ecliptic, or of the Earth's orbit, is employed in 
nearly all astronomical calcuiationa as a fnndaniental plane of 
reference. The equator of the heavens, which is a projection 
of the terrestrial equfitor to the sphere of the fixed stats, makes 
an angle with the ecliptic of about 23'.27', termed the obli- 
quity of the ecliptic. The two points where the celestial equa- 
tor is intersected by the Sun's apparent path are called the 
equinoxes ; and those where the Sun is 90° distant from the 
equinoxes, or at his greatest north and south declinations, are 
called the solstices, The spring equinox is the point from which 
astronomers reckon the right ascensions along the equator, and 
the lon^ludes on the ecliptic. 

It ia owing to the inclination of the ecliptic to the equator 
that, in the course of our annual revolution round the Sun, we 
experience the vieissititdes of the seasons — spring, summer, au- 
tumn, and winter. At present this inclin.ition amounts to 
about 23° 27' ; but it is subject to a very slow diminution, not 
exceeding 48" in 100 years. It will not always, however, be 
on the decrease, for before it can have altered 1-i', the cause 
which produces this diminution must act in a contrary direc- 
tion, and thus tend to increase the obliquity. Consequently, 
the change of obliquity ia a phenomenon in which we are con- 
cerned only as astronomers, since it can never become sufficiently 
great to produce any sensible alteration of climate on the Earth's 
surface. A consideration of this remarkable astronomical fact 
cannot but remind us of the promise made to man after the 
deluge, that " while the earth remaineth, seed-time and harvest, 
iirid cold and heat, and summer and winter, and day and night 
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aball not cease." The perturbation of obliquity, conBiBting 
merely of an oscillatory motion of the plane of the ecliptic, 
■which will not permit of its ever becoming very great or very 
lall, is an astronomical discovery in perfect uni»on with the 
declaration made to Noah, and espl^ns how effectudlly the 
Creator had ordained the means for carrying out his promise, 
though the way it was to he accomplished remained a hidden 
secret, until the great discoveries of modern sdence placed it 
within human comprehension. 

Anaximander, a disciple of Tliales, who was bom in the 
third year of the forty-Second Olympiad, or B.C. 010, is reported 
by Pliny to have been the first of the ancients by whom refer- 
ence is made to the obliquity of the ecliptic. Diogenes Laerces 
tells us that he erected a gnomon at Lacedemon, with which 
his observations were made. Other authorities attribute the 
first notice of the obliquity to Pythagoras, born about seventy 
years after Anaximander, while Diodorus Siculus, and afticr him 
Plutareh and Stobieus, inform us that (Enopides of Ohio ob- 
tained the knowledge of this inclination of the equator and 
ecliptic &om the E^ptians, Laplace, however, makes use of 
observaliona for ascertaining this angle said to have been taken 
in China by Tcheou-kong 1100 years before the Christian era. 
We Gubjoin a table exhibiting tbe various determinations of the 
obliquity of the ecliptic from the earliest times to the present 
I - day, from which the reader will see that observation had pointed 
out its gradual diminution lung before analysU was sufficiently 
advanced to indicate the cause. Most of the ancient observa- 
tions by the Greeks and Arabians were taken with gnomons or 
nrmillie : their plan was to ascertain the length of the shadow 
a relation to the height of the gnomon, on the days of the sol- 
tices, when the Sun attains his greatest declinations north and 
I south. Hence his altitude above the homon could be found, 
I luid the difference between the resulte on the two solstitial 
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epochs would give tbe distance between the tropics, half of which ^H 




Chinese observations for taking the ohbquity were 


taliennlth H 


Bimi 


ar instruments, and are here given aa reduced by Laplace in ^H 




18U:— H 


* '"■ 


BLE EKHIH1TIK0 THE PaiNClPil, MTECMIMATLONB OF Tl 
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1100 


Tchcau-kcing .,.,... 


54 2 H 


324 


PytheaaofMaraeilloa 


23 49 20 ■ 


230 


Era ti>3 til I'll ts of Cyrctie, by obaervationa \vitli ariuil- ^| 




Iffi erected in a portico at Alexandria . 


23 51 16 


140 


Hipparchus, tbe great aslronomer 


23 51 15 


5a 




23 45 39 


140 


Clanrtlus Ptoleni}', the E-j-ptian astronomer , 


23 51 15 


173 


Chlneso observations at Layang 


23 41 33 


401 


Taou-chong at Nan-king 


£3 88 B3 


629 


Litclion-foung at Siganfi>u .... 


23 40 4 


S30 


Almamun. son of the famoua Harun al Raschid 


23 3S GS 


879 


AlbatcguLua at Aracto 


23 36 


987 


Abodl Wefa at Bngilad 


23 35 


995 


Abul Rihau with a quadrant 25 feet radius 


23 35 


1080 


Araacl.a in Si«ln 


23 34 


1279 




23 82 12 


1803 


Propliatius, a S|)aniali Jew .... 


23 32 


1430 


Ulugh Beigh at Sarmarcand .... 


23 31 48 


1460 


RegtomoDtaiiua in Ilia lablea .... 


23 30 


1587 




23 31 80 


iseo 


Hevclins at DanWic 


23 29 80 


1B90 


Flamsteed, the first astronomer al Grccnwiuh . 


23 28 GS 


1760 


Bradley, La Caille, &c 


23 28 18 


1769 


Muakelync at Greenwich 


23 28 10 


1800 


Diilambre and othera 


33 27 67 


182S 


Beasel at Konigsberg 


23 2T 48,« 


1840 




L 


bridge, and other pUces .... 


2S 27 86,6 H 
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The pbenomenon known as the prKSKsioa of the equinoxes 
van discovered by the celabrated aatrooomer Hipparchus, of 
Nicea, . in the second century before the Christian era. By 
mparing his own observftUons of the longitudes of several 
idpal fixed stars with thoee of Timocharia and Arifityllus, 
ten at Alexandria about 150 years previously, he found they 
iered constantly in one direction — the distances of the stars 
from the first point of Aries having increased apparently at the 
rate of about 1° in a century. The effect was thus discovered, 
but the cause remained unknown till it was explained by our 
illustrious Newton. It couaislB chiefly in the action of the Sua 
and Moon upon the protuberant matter at the Eartli's Equator : 
a minute effect is due to the influence of the planet Venua. It 
is called the precemion of the equitiosea because the equinoc- 
tial point is carried forward in reference (o the circle of diurnal 
tnovement, arising from the Earth's rotation on her axis ; con- 
sequently, it retrogrades upon the ecliptic, and thereby causes 
an increase in the distance of nil Rial's from the first point of 
Aries, measured upon that circle. The present ral« of progres- 

I is about 1° 23' 44" in 100 years, or 50}" annually. Up- 
ia of 25,800 years will be required for a complete revolu- 
of the equinoctial points. 
We may conceive the phenomena of precemon to arise 
1 the revolutjon of the pole of the celestial equator, or that 
it of the heavens to which the Earth's asis is directed, round 
pole of the ecliptic, in the period of 25,800 years, at a mu- 
tual inchnation of 23° 28', and shall thus obtain an insight into 
the nature of another important inequality, called the rmtation 
of the Earth's axis, which exercises very appreciable influence 
upon the positions of the stars, as wo see them from the Earth, 
and goes through all its variations in somewhat less than nine- 
in years, or in the course of one revolution of the Moon's nodes, 
a which operates in producing the precession of 
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the eqniDoseB gives rise also to the nutation, in virtne of wliic 
the Earth's axis, instead of being continually directed to t 
same point in the celestial sphere, desci'ibes a Bmnlt ellipse 
the surface of the heavens, having the ratio of the greater a; 
to the lesser as 37 to 27, the length of the major axis in arc 
a great circle being 18".6. 

Dr. Bradley first discovered and explained the nutation a 
the Earth's axis, soon after he had been led by hia own 
vations to infer the e\iatance of the aberration of light. W 
have, therefore, to thank tliis eminent astronomer for two 6 
the most important discoveries connected with the science. 

The Ejirth's orbit ia not circular, but an ellipse of very n 
erate ec^^enlri city, the perihelion point in 1800 answering ti 
279° 30' 8" of heliocentric lon^tude. The line of apsides i 
subject to an annual direct change of 11.39", independent 
the effect of precession, so that, allowing for the latter cause o 
disturbance, the annual movement of the apsides in refere. 
tbe variable equinox may be roughly taken at one minate of 
arc. One important consequence of this slow motion of 111 
greater axis of the Earth''B orbit is the variation in the lengt 
of the seasons in different centuries. In the time of Hippat 
chiis, the lon^tude of the Sun's perigee was between tlie s 
tumnal equinoctial point and the winter solstice, and the att 
tumn WHS the sbortest of the seasons ; spring was longer tin 
summer, and winter longer than autumn. About the Toidi 
of the thirteenth century the perigee coincided with the wini 
solstice, whence spring was equal to summer, and autumn t 
winter. Id the year 1850 we find the time elapsing between 



The spring eqainox and summer soTstice 
The summer solstice and autumnal equinox 
The antumnsl eqainux and winter aolitice 
The winter solstice and spring equinox 
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f . Hence the spring has become shorter than the summer, and the 
autumn longer than the winter. 

About lour thousand years before the Christian era, or 
singularly enough, near the epoch of the creation of man, ac- 
cording to chronologists, the perigee coincided with the vernal 
tquinox, and the winter and sprini^ were equal, and shorter 
than the summer and autumn, which were also equal. In 
Aj>. 6485, or thereabouts, the perigee will have completed half 
a revolution, and will then coincide with the autumnal equi- 
nox; summer will be equal to autumn, and winter to spring, 
but the former seasons will be the shortest Ail these changes, 
it is to be observed, are due in the first place to the eccen- 
tricity of the Eaith's orbit, and to the progressive movement 
of the line of apsides. The eccentricity, as we have stated 
above, is not large ; at the commencement of the present cen- 
tury it amounted to 0.0167923, but is subject to a slow dimi- 
nution, not esceeding 0.000044 in one hundred years. Sup- 
posing this change permanent, the Earth's orbit must eventually 
become circular, but the theory of attraction enables us to 
prove that the diminution is not to continue beyond h certain 
time, and although we are not yet in a condition to assign def- 
inite limits to the oscillations, we know that after the lapse of 
many thousand yeare the eccentricity will be stationary for a 
time, and afterward ivcreaie ; and, without some external 
cause of perturbation, these variations, within certain not very 
distant limita, must continue throughout al! ages. 

Were the Earth's orbit circular, and the plane of the equa- 
tor coincident with that of the ecliptic, the Sun would appear 
to describe an equal arc of the heavens day aft«r day, and con- 
sequently the interval elapsing between two successive passages 
over the meridian of any place on the Earth's surface would 
be sensibly the same, and the solar day would be something 
like an equable period of time. But, as we have seen, the 
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Earth's path round the Sun is eiliplJcal, and the apparent diur- 
nal velocity of the Sun varies with our dislaucu fi'om hiiUi 
Moreover, the equator is intlined to the plane of her path at 
an angle of about 28° 28', and lliin again haa a great influence 
on tlie length of the arcs of Biffhl Ascension, passed over by 
the Sun on successive days. It follows, therefore, that the 
solar day, or the interval elapsing between two consecudva 
meridian transits of the Sun, is of variable length. To secure 
an equable mensure of time, astronomers assume the revolu- 
tion of a mean Sun in the plane of the equator with the real 
Sun's mean diurnal motion in Right Ascension, and the time 
intiervening between two successive transits of the mean Sun 
called a mean solar day, which is the unit of time in common 
use at present 

The difference between the Eight Ascension of the 
and true Suns is termed the £qualion of Time, and in order 
to regulate a clock by observations of the time of culmination 
of the Sun it is necessary to know the amount of this equation 
for each day, and we, accordingly, have it tabulated in astronom- 
ical ephemerides and almanacs. The equation is at a maxi- 
mum about the 10th of February, when an additional correc- 
tion of about 14m. 32s. is required to reduce apparent solar 
time to mean solar time, or, in other words, the mean Sun is 
on the meridian 14m. 32s. before the true Sun. On the loth 
of April there is no equation, the real and imogii 
being on the meridian at the same moment In the middle 
of May the equation again reaches a maximum at 3m. 549. 
and disappears on the 15th of June. Another maximnir 
occurs about the 27th of July, when a correction of 6m. lis. 
is required to be add<>d to apparent solar time. On the 1st of 
September it again vanishes, but increases from that time 
the beginning of November, when the equation amounts to 
16ni, l7s., subtractire from apparent time, and again becomes 
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about the 25th of December; thus there a 






sidereal day U the time intervening between two con- 
itjve passBges of the same star over a meridian ; it ia con- 
[uentl J the length of the Earth's diumal rotation upon her 
axis, and expressed iu mean solar time U 23h. 56m. 4.9a. The 
sidereal day is subject to no gensible variation. It is in conse- 
quence of the acceleration of the sidereal upon the mean solar 
day that the aspect of the beavens is varied at different times 
of the year, those stars which at one time appeared on the 
meridian at midnight gradually gaining upon it, until they are 
lost in the western beavens at sunaet, to make their reappear- 
ance in the east after the lapse of a few months. 

The iuterval of time in which the Sun appears to us to 
complete an entira circuit of the heavens, in reference to the 
fixed stars, is called by astronomers a gidereal year, and con- 
»sts of 3God. Ch. flra. I0.7s. In this period, however, the 
equinox will have retrograded 50f ", and the Sun will reach 
Uie same point of longitude from which be started in a shorter 
time, than would bo required to elapse from the moment of his 
fixed star until he again returns to it. The rcvolu- 
in respect to the equinox is thus shorter than the revululion 
respect to the stars, by the interval occupied by the Earth 
b passing over an arc of 50-J-" upon her orbit, or by Oh. 20ra, 
23.9s., and we obtain 365il. 5h. 48ni. 47.8s,, for the length of 
the revolution in reference to the equinoctial point, or, as it ia 
i, the tropiral year. 

] Lave seen that the perihelion point of the Earth's orbit 
annual motion amongst the slora of about eleven see- 
by which quantity tJie longitude exceeds that of the pre- 
ig year. If the Sua start from the place of the perihelion 
'ill require a longer interval of time than the sidereal year 
iacb it agdn, and the excess will be equal to the time 
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necessary for the Earth to de^nbe 1 1.399. of her orbit, oi 
4u). 35.0s^ which gives us 365d. 6h. ISm. 45. Ts. for the dan 
tion of what is called the anomalUtie year. ThLt period k 
occasionally used in astrononiicnl invesb'gations, but manVii 
generally are more conoemed in the tropical year, on whidf 
the return of the season depends. This year is subject at pres- 
ent to a slow diminution, amounting to little more than half a 
second in one hundred yeius. yet, like all variations of thft 
kind by which the Earth's orbit is affected, the diminution k 
not to contiDue forever. 

The andent ^yptian year coraJsted of 365 days, i 
learn from Herodotus. Th-e Tliebans, or inliabitanlA of Uppoj 
Egypt, are said to have perceived the necessity of an additioi 
of six hours to this period, in order to make it agree with tU 
annual course of the Sun. In the time of DemocrituA, about 
450 years before Christ, the year was supposed to consi 
Z&t\ days. Eudoxus, who flourished soon afterwards, oon^ 
sidered it somewhat longer, wluie CEnopides, of Chins, i 
tioned by Diodorus, made it 365d. 8b, 48m. The Calip|ni| 
period of 76 yeara, comnaencing at the de.i(h of DariuB| 
B.C. 329, o^nsisted of 27,759 days, giving 365-} days for Out 
length of the year. 

The great astronomer, Hipparchu-s, found bv his own oIk 
sen'ations thnt the year of Calippus was somewhat loo long^ 
and, accordingly, diminished it by the three-bund red tb part ol 
a day, or 4m. 48s., whence he fixed the length of the tropid 
year at 365d. 5h. 55m. 12s,, differing liltle more than di 
minutes from the best modem determination. Nearly thre^ 
hundred years after the time of Hipparchus, Ptolemy appeaflj 
to have investigated the length of a year, but concluded hj 
adopting the duration assigned by tlie Greek astronomer, anj 
emplop it in tbe Solar Tables found in his Almagest. 

The Arabian Prince Aibat«gniu3, who lived at the lalle 
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end of tbe ninth century, and observed at Aracte, in Chaldea, 
perceived the want of some correction to the Ptolemaic or 
Hipparchian year, and by comparison of his own observations 
with those at Alexandria, inferred that the length of the tropi- 
cal year was 365d. 5h. 46m. 24s., as reported in his work De 
Scientia Stellarum, In the Alphonsine Tables, compiled 
about 1252, by Alphonsus X., King of Castile, with the as- 
sistance of the best astronomers of his age, we find the length 
of the year 365d^ 5h. 49m. 16s., a very near approximation to 
tbe truth. 

Since this epoch, the duration of the tropical year has 
formed the frequent subject of investigation. The following 
table exhibits the principal determinations up to the present 
time: — 

d. h. m. B. 

Nicolas Copernicus, in 1648 865 6 49 6 

Tycho Brahe, in 1602 865 6 48 45i 

Kepler, in the Ttdnil/B RudolphiruB ... 865 5 48 57.6 
Cassini, in 1743, by comparison of his own 

observations of Equinoxes with those 

of previous observers ...... 865 5 48 52.4 

Flamsteed, our first Astronomer Royal . 365 5 48 57.5 

Halley, in his Astronomical Tables . . 865 5 48 54.8 

Lacaille, in his Tables 865 5 48 49 

Bess^, in 1880, gives for 1800 .... 865 5 48 47.8 
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THE MooH, the constant attendant of the Earth la her as 
nual course rouiKl the Sud, is by far the nearest to us of a! 
the heavenly bodies, being situated at an aver;^e mean die 
tance of only 238,6B0 miles. To her 
merely for illumining by her presence o 
but likewise for that mure important phen 
the ocean, in the production of which she 
fluence, and it ia not unlikely that this extraordinary lumioail 
exercises an effect upon the Earth iu other ways, of irhiclt « 
are not at present fully cognizant 

The interval of time occupied by the Moon in perfbrmiiij 
one sidereal revolution round the earth,* or the time whic^ 
elapses between her leaving a fixed star until she again returo» 
to it, is found by the latest ^nd most nccurale investigation 
be 2Td. Th. 43m. 11.4Gls., whence we find tl|e mean tropual 

* Strictly speaking the centre of the Earth is not the point ronni 
which the Moon revolves ; but both bodies have a revolution roDO 
their common centre of gravity. This jioint is situated at an nvetag 
distanca of 2,690 railus from the centre of our giobo, or about 1,27 
miles beneath tho surface, and subjeut to a variation of rather moi 
than 1G5 miles, one way or the other, in consequence of the variabl 
distance between the Earth and the Jloon. The perturbation In U 
place of the Earth, or rather its reaction on the place nf the Sm^ 
owing to this motioo round the centre of gravity, may affect the Baa't 
longitude more than flva secouda of arc, and his latitude about 0.1", 
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olntion 27d. 7Ii. 43m. 4.614s^ Bince As equinox will have 
t sidereal period 3'T58", a space wliicli the Moan 
■ <Trould require 6'84T" to traverse with her average mean 
don. 

The phenomena, termed the phases tit the Moon, do not 
recur in the space of a ndereal revohition, for it is evident that 
the real rootiou of the Earth in that interval, giving rise to an 
apparent motion of the Sun, in the direction in which the Moon 
revolves, mnat cause the period between two conjunctions or 
oppwitionB to be longer than either the sidereal or tropical rev- 
olntiona, the Moon having to traierae an arc equal to the angu- 
lar movement of the Earth in the sidereal period, before she is 
again in a line (to speak roughlj) with the Earth and Sun. 
The lunar month, or as it is usually called by astronomers, the 
lyaodiail revolution of the Moon, is consequently longer than 
the sidereal period, and exceeds it by 2d. 5h. Ora. 51'41s., 
which ia the time required by that body to describe, with her 
m angular velocity of 13'I're4° per day, the arc traversed 
the Sun since the previous conjunction. Hence we find the 

of the synodical period to be 29d, 12h, iiva. 2-87B. 
The lunar phaset^ depend on the position of the Moon with 
respect to the Sun, or what amouii te to the same thing, her dis- 
tance from conjunction, which is termed in astronomical lan- 
guage, the age of the Moon. Being an opaque spherical globe, 
reflecting the Sun's light, she can only appear fully illuminated 
when opposite that luminary, and in all other positions herillu- 
inaled disc appears less than a circle. Soon after conjunction 
I the Sun, she may be seen as b very narrow crescent, a little 
ve the western horizon at sun-set, for being then between 
Earth and Sun, her illuminated surface is in a great measure 
led ftom us. As she advances iu her orbit, the dark part 
lually diminiKhes until the Moor is 00° from conjunction, 
b called the first quarter, and then the bright and unil- _ 
3* 
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lumtnated parts are equnl. After this point, the illuminaUid 
surface increases tilt the Moon is in oppositiun, when it is said 
to he/ui/, and presents to us her whole enlightened disc. The 
bright part then bi'gins to diminish and again occupies c 
half of her surface wben the Moon is 90^ from the conjunction, 
at the lust quarter, becoming narrower as she approaches it, tiU. 
a thin crescent above the esfltern horiion shortlj" before sun-riao 
is all that remains. These phases are consequently recuTTeQl 
after the interval of a synodical revolution, and depend Upo^ 
the position of the visible, in reference to the enlightened, hemi^ 

The eccentricity of the lunar orbit is considerable, and fr 
this cause, the distance between the Elarth and the Moon, at tl 
perigee, may be no more tbtin 2'2o,560 miles, while at apoge< 
it may increase to 251,700 miles, the ellipticity of the orbf 
therefore producing a variation in tlie length of the radius veo 
tor, or true distance from the Earth, of rather more than 26,004 
miles. The mean inclination of the orbit to the ecliptic is, ao 
cording to recent determination, 5° 8' 65"46", but this is sub 
ject to a variation, one way and the other, of rather less tluM 
2S' : the latest tables of the Moon giving the greatest inclins 
tion 5° 20' 6", and the least. 4° 57' 22". The line of n 
of the lunar orbit revolves round the ecliptic in ISyra. 21 8d 
21h, £Sm. 46s., in a retrograde direction, which is at the rafa 
of 1^° in each sidereal period, or somewhat more than 3' dtuljj 
Tliia retrogres.sion of the nodes is caused by the action of t 
Sun, which modifies the central gravity of the Moon towardl 
the Earth. It is not, however, an equable motion througfaoud 
the whole of the Moon's revolution ; the node, generally speafe 
ing, is stationary when she is in quadrature, or in' the ediptia j 
in all other parts of the orbit it baa a retrograde motion, whioll 
i-s greater the nearer the Moon is to the syzigies, or the greaUl 
the distance &om the ecliptii^ The preponderating effect at till 
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end of escb synodic period is, however, retrocoasive, and gives 
lise to the revolution of tbe line of nodes in between eighteen 
and nineteea years. Uvnce il is necessary to distinguish be- 
tween the mean jilace of ibe node which supposes a regular 
movement of 3' 10" daily, contrary to the order of sigua and 
its true place at any liiue. The backward movement of the 
line of nodes was discovered by the ancients, but first explained 
by Newton. 

The line of apsides or major axis of the lunar orbit has, from 
a Hiniilarcause,a ijireet niotiuu on the ecliptic and accomplishes 
s whole revolution in 8yra. 310d. 13h. 4Biii. 53s., so that in 
4yrB, I56J. the perigee arrives where the apogee was before. 
This motion of the line of spsidea, liite the movement of the 
nodes, i* not regular and equable throughout the whole of a 
lunar month, for when the Moon is in syzigies the line of apsides 
advances in the order of signs^ but is retrograde in quadratures. 
Sut the preponderating effect in several revolutions tends to 
advance the apsides, and hence arises their direct reyoluUon in 
between eight and nine years. 

The apparent diameter of the Moon, at her mean distance 
from tie Earth, is 31' IflS", but the eccentricity of her orbit 
causes a varialion of about 4' 44", the maximum being 33' 
32'', and the minimum 28' 48". According to Professor 
Madler, the real diameter of the Moon is 2 150'6 English miles; 
the recent me^isures of Dr. Wichmann make it 2162 miles, 
■gracing so nearly with the former value, that we may conclude 
we know the dimensions of the lunar orb very exactly. Taking 
Ihe diameter at 2160 miles, which cannot be far from the truth, 
the circumference will be 6786 miles, and the bulk of the Moon 
will be to that of the Earth as 1 to 49|. Dr. Wichmann could 
not detect a sensible diflere ace between the equatorial and polar 
diameters. 

Some of tlie best determinations of the mass of the Moon 
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depend upon the amount of Itinai- nutatioa, whicb, as we harfr, 
seen, is » periodical fluctuation in tb? position of the Earth's. 
axis, arising from tLe variable direction of the line of nodes of, 
the Moon's orbit The Baron Undenau, from his researches oi 
nutation, concluded the mass to be 1-87-7 of that of the Earth ^ 
Protessor Henderson has more recently ^ven 1-78'B. There, 
are various other methods of ascertaining the mass of our satel-- 
lite, as, for instance, the observation of the chaTige in the Sun's 
longitude due to her attraction on the Earth. Mr. Airy'* 
method of observing the positions of Venus near her inferior 
conjunction, already mentioned, which is similar in principle ta 
the last, and the investigations of her eflect upon the tides.* 
Roughly speaking, we shall be near the truth if we assume tbd 
mass of the Moon to be l-80th of that of the Earth, 

The most casual observer of the Moon can hardly fail to 
have remarked, that she always presents \cry nearly the samo 
face towards us, and a little reflection will convince him that 
the cause must lie in the near equality of her periods of asial 
rotation and sidereal revolution round the Earth. Were theea 
periods exactly equal, we should have the same hemisphere 
turned towards us without the slightest variation ;.but the or* 
bital period is subject to small irregulanties, while the time of 
axial rotation remains constant, and for this reason a phenome- 
non termed the libralion takes place, whereby we occasionally; 
see a little more of one edge of the Moon than usual, dther o^, 
the eastern or western sides of her equatorial regions. Galileo- 
wna the first astronomer who remarked this periodical variation 
in the visible surface of the Moon, and the circumstance n 
no httle credit on his zeal and attention, for his instrumentai,, 
means are well known to have been very small, notwithstanding 
the numerous discoveries we owe to him. Generally speakings . 

H of the Mocn to b» 
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tiM Moon revolves on Iier axi-> in the period of one mean side- 
revolution. 

The axis of the Moon la not quite, tbougb very nearly, per- 
pendicular to ibe plane of her orhit, which allows of our seeing 
B little more of tho polar regions at ct^rtaiu times than at others, 
■ phenomenon called the Ubralian in latUude. The angle be- 
tween the lunar equator and the jilane of her path round the 
Barth is, according to Nicollet, V 28' 47", or, according to the 
more recent and elaborate researches of Dr. Wichmann, 1° 32' 
9". 

By the parallaclic lihratioa we understand the difference in 
the position of a spot as viewed from the centre and enrface of 
the Earth. 

Professor Bessel and Dr. Wichmann have made some (■e- 
■earchva respecting the existence of a phjaieal lihraiion, or a 
real variation in the time of axial rotation of the Moon, such as 
would give rise to an apparent change in the position of the 
spots, periodical or otherwise ; but there does not at present 
appear to be sufficient reason for suspecting any inequality of 
this nature. 

The full Moon nhich falls nearest to the Autumnal Equinox 
lias long received the name of the Han'cat Moon, from the fact 
that the difference between the hours of her rising on two buc- 
cessive evenings is then at a minimum, and the long duration 
of moonlight, thus afforded soon after sun-set, is most advanta- 
geous to the farmer at this critical Reason. This near coinci- 
dence in the times of several successive ^isiDg^j lakes place every 
lunar month, when the Moon is in the signs Pisces and Aries, 
but it has only been remarked when she is at fill! iu tliesc signs, 
ily happen in August or September. The least 

ible difference between two successive risings in this latitude 
}ut seventeen minutes. When the Moon is in Libra, and 
a sams time near the descending node of her orbit upon 
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the ecliptic, the difference between the timea of rising on two 
evenings is the greateat possible, and in London will amount to 
about Ih. 16m. 

The theory of the lunar motions ia, perhaps, the most diffi- 
cult with which the astronomer has to deal, and it has accord- 
ingly occupied the attention of the most eminent inatiienia- 
tioiann, from the time of Sir Isaac Newton to the present day. 
To bring it to the exact and elaborate form in which it now is, 
has required the utmost efforts of the observer as well as the 
physical astronomer, for it is a curious fact, that some of the 
most important of the smaller inequalities, as they are termed, 
of the Moon's mean motion, have been first delected by actual 
obaervalion, and subsequently reconciled with the theory of 
gravitatjun as expounded by Newton. The larger inequalities 
are of Buch magnitude, that they were discovered with the rude 
instruinenls employed by Eipparchus in the second century be- 
fore the Christian era. It would lead us beyond the limits and 
plan of the present work, were we to enter into any explanatory 
account of the lunar perturbations generally, which, after all 
that can he said respecting them, are not easily intelligible 
without a knowledge of the mathematical processes by which 
they have been detected and reduced to calculation. We shall, 
therefore, content ourselves with a brief notice of the most im- 
portant inequalities affecting the mean longitude of our satel)it«. 

Tbe most considerable is that termed the Svectiort, the dis- 
covery of which we owe to the famous astronomer Hi pparch us, 
in tbe second century before the Christian era. It depends 
upon the angular distance of the Moon from the Sun, and the 
mean anomaly of the former, and goes through its variations 
in a period of about 3Id. 19h. 30m. At its maximum it may 
influence the Moon's longitude one way or the other about 1° 
20'. Ii diminishes the equation of the centre in syidgies, and 
increases it in quadratures. 
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ADother large inequality in called the Variation, tha dis- 
covery of which has usually been attributed to Tycho Brabe, 
though M. Sedillot and others Lave elaimed the merit of ito 
first recc^oition for the Arabian astronomer, Aboul Wefa, who 
lived io the ninth century. It depends solely on the angular 
distance of the Moon fi-om the Sun. and its period is half a 
synodic revolution, or about 14d. 18h. The effect of this ine- 
quality is greatest in the octants, and disappears in ayzigies and 
quadrature?, the longitude of the Moon being altei'ed tiiereby 
rather more than half a degree when the equation is at a max- 
imum. The Variation was the first lunar inequality explained 
by Sir Isaac Newton upon the theory of gravitation. 

The parallactic ijiequallly arises from the sensible differeuM 
in the Sun's disturbing force, when the Moon is travelling over 
that semi-circumference of her orbit lying near the Sun, and 
when she is in the fiirther semicircle. Small as i» the change 
of distance at these times, the perturbation depending upon it 
is sufficiently large to produce an inequality, which at its max- 
imum may alter the Moon's longitude about two minutes of 
arc. The period during which it passes through all its varia- 
tions ia one synodical revolution, or 20d. t2h. 41m. 

The Annual Equation is an inequality caused by a varia- 
tion in the angular motion of the Moon, which beoomes slower 
as the Earth and Moon are approaching the Sun, and acceler- 
ates as they recede from him. The motion of our satellite is 
slower than the mean motion during the time the Earth is 
moving from perihelion to aphelion, and more rapid as she 
passes from aphelion to perihelion, or in the present position of 
tha line of ap»des, the Moon moves slower between the end 
of December and June, than between the end of June and tha 
end of December. The period of this inequality is the anom- 
alistic solar year, and its maximum effect upon the Moon's lon- 
gitude omounla to 11' 10". 
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The Stculiir Acceleration of the Moon's raefln motion is 
caused by a oliatige in the eccentricity of the Earth's orbit, 
nbiuh bas been sluwly diminisbtag for many ages. It via dis- 
covered by Dr. Haltcy from a comparison of ibe periodic time 
of the Moon, deduced from recent obaervntiona, with that indi- 
cated by tlie Chaldean obaervatioiis of eclipses at Babylon in 
the years 710 and 720 before tLe Christian era, and the Ara- 
bian obstrvationa in the eighth and ninth centuries, tha result 
of which showed that the periodic time is now sensibly shorter 
than at the epoch of Cbaldenn eclipses. The cause of this 
diminution was not understood until the celebrated Laplace 
showed that it was similar in its origin to the much larger and 
more rapid fluctuation of period, which takes place according 
to the position of the Sun with respect to the line of apddee 
of the lunar orbit. The mean motion of the Moon ia increaied 
by this inequality, at the rat^ of rather more than ten seeondt 
in one hundred years. As the diminution of eccentricity of 
tie Earth's orbit is not a percnanent change, though eKtending 
over a period whose duration is hardly yet calculable, so the 
acceleration of the Moon's mean motion is a cyclical inequality, 
and a time will ai'rive when it must altogether cease. AA«r 
this remarkable equaliun had beeji detected by Dr. Halley, 
great doubU existed in, some minds as to llie pc«sibility of ex- 
plaining it on the theory of gravitation. The elucidation which 
the subject has received at the hands of Laplace is, therefore, 
the more remarkable, and affords one of many instances where 
suspicions of the failure of Newton's law hare ultimately tended 
only to its mare striking confirmation. 

The Tables at present in general use for predicting the 
positions, eclipses, and other phenomena of our satellite, are 
those calculated by the French astronomer Burckhardt, and 
published at I'arisin 1812. They are founded principally upon 
l^ervations taken at our National Obeervatoty at Oreeo- 
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wich, an establish men I nbich was tnsLituW with an especial 
view to the itnprovemeDt of tbe lunar theory, aad thereby, of 
the art of navigation. Burckhardt's tables are used in the 
preparatioQ of the Nautical Epbeoierides Hnnually i&aued by 
the goTernroenta of Great Britain, France, und Prussia, The 
late Baroa Damoiseau was the author of two sets of lunar 
tabl&, which are based upon elements not very different from 
those employed by Burckhardt The first set, according to the 
centesimal divl'sioD of the circle, appeared . in 1824, and the 
second, agreeably to the old or Bevagcsimal division, in 182B, 
Snoe the investigation of the elemenla of the eiisting tables, 
tbe lunar theory has been greatly improved by the laborious 
lesearcliee of M. Plana of Turin and Professor Hansen of See- 
berg, and several inequalities of long period have been discov- 
ered, which almost entirely reconcile the differences between 
the oluerved and tabular places of the Moon. But the most 
important work undertaken for perfecting our knowledge of ber 
movements, and one wliich is hardly equalled for magnitude 
and intricacy in the history of astronomy, is the reduction of 
all the observations of the MooD taken at tbe Royal Observik- 
tory, Greenwich, between the years 1750 and 1830, which has 
been brought to a completion within the last few years, under 
the superintendence of the Astixtnomer Royal. There are about 
8D00 observations in all, and, for the attainment of the object 
in view, it was necessary to reduce the whole again, with tiie 
best modem elements, to compute the tabular places in dupli- 
cate, the tables themselves having been modified and extended 
BO aa to accord as nearly as possible with M. Plana's theory, and 
finally to determine the pricipa.1 elements of the Moon's motion, 
from the whole mass of observations. Few persons who have 
not had an opportunity of viewing tlie manuscripts themselves 
can form any adequate idea of the enormous labor attending 
" "s valuable work. Twelve cxtmputera on an average were 



66 



TBB BOLAS. BTSTEJl. 



engaged eight bom's a-day for several years, the reductions 
having been commenced in earneat in August I84I, and tbu 
last sheets of the second large volume containing the results 
ha\'ing phased through the press in the spring of 1848. Pro- 
tessor Uansen has undertaken a compli^te revision of the lunar 
theory, having at hia command, where necessary, the Green- 
wich reductions of the 8000 observations, and the British Gov- 
ernment has lately provided funds to aid this distinguished 
mathematician to his important inquiry.* The Astronomer 
Royal communicated to the Royal Astronomical Society several 
years since, the most prominent conclusions at which he had 
himself arrived after discussing the Greenwich observations. 

The naked eye readily discerns that the disc of the full Moon 
is not uniformly bright : light and dark regions alternate upon 
it, giving the idea of continents and seas analogous to those on 
our own globe. In fact, the earlier selenographists considered 
the dull grayish spols to be water, and termed them the lunar 
seas, bays, and lakes. They are so called to the present day, 
though we have strong evidence to show that if water exist at 
all on the Moon, it must be in very small quantity. On apply- 
ing the telescope, with suitable magnifying powers, we perceive 
on every part of the surface, even in the midst of the so-called 
oceans and seas, annular spots evidently of a volcanic charac- 
ter, with extensive chains of mountains and steep isolated rocks, 
forming altogether a very i^uggod and desolate appearance. The 

•As one of the early fruits of tliia investigation, wo msy mention 
the diacovery of two ineqnslities in the motion of our Eatellite, nanlU 
fngfVoro the attraction of Venus, exercised directly in one inslaoce 
and indirectly in tlie other. Great importance is attached to these 
disunverioa, because, when their inBaenco is taken into account, the 
positions of the Mood, calculated from tbeory, are almost precisely 
identical with those given by observations, whicli renders It certain 
that oar knowledge of the movements of our nearest celestial neigh- 
bor is rery nearly perfect. 
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cratora are exceedingly nuraeroiui ; in some places they are 
tiiickly crowded together, small volcanoes having t'ormed on 
ihe aides of the larger ones, — iu other regions they iire com- 
parntively isolated. Their dimensions are far greater than 
those of the largest volcanoes on the Enrth, the breadth of thtj 
chasm occasionally esceeding one hundred miles, while the 
sides of the mountain attain a very considerable elevation. The 
best time for viewing a crater is when it is just clear of the dark 
part of the Moon, or when the Sun is just above ils horizon ; 
we can then trace the shadows tlirown by the sides of the 
mountain upon its inteiior and exterior aurfkce, and, by meas- 
uring the lengths of these shadows, we may approximate to 
ita true altitude. Some of the steep isolated rocks throw their 
shadows for many miles across the plains surrounding them. 

The positions of the lunar spols upon the surface are usually 
^ven in nlenograpkic longitudes and latitades. In the large 
work of Professor Madler are found the results of a great num- 
ber of observations for fixing the exact places of the principal 
mountains and craters, first in longitude and latitude, and nfier- 
wards in the form of co-ordinates, to facilitate the construction 
of the lunar chart. The first quadrant contains west longitude 
and north latitude ; the second, fast longitude and north lati- 
tude ; the third, ea«f longitude and south latitude; and the 
fourth, vieal longitude and south latitude. 

To distinguish the various spols from each other, two 
nomenclatures have been adopted by Hevelius and Riccioli re- 
spectively. The former made use chiefly of the names of places 
upon the Earth, the latter introduced the names of celebrities 
of all ages in science and literature : and this method is the 
one adopted by Professor Miidler, the greatest selenographer of 
the present day, and, in fact, universally followed by astrono- 
mere. Amongst the English names thus appropriated are 
those of Newton, Flamsteed, Bradley, Maskelyne, Airy, Dul- 



lond, Cook, Herschel, Ramsden, Sabine, WoUaaton, Sec, and 
the Dames of nearly all the foreign aatronomers and maLbemnr- 
dcians of eminence in past and present times ai'e found on 
Modler's large chart of the Moon. This nomenclature is cer- 
Itdaly open to more than one objectJon. " The neutral ground 
of mythology and classic andquity," to use Sir John llerschel'a 
expression, would perhaps have been the safest and most lasting 
fr>undation. It is trne many mythological names occur already 
on the lunar maps ; but it is perhaps to be regretted that they 
have not been more extensively employed, to the escluaion of 
modem name.i altogether. When another rigorous talescopio 
survey of tiie Moon's disc is undenaken, as it probably will be 
some years hence, we think it is unlikely that an alteration will 
be found necessary. 

One of the most remarkable of the lunar spots is that 
called Tycho, which is readily distinguished in the southera 
part of the Fuit Moon by the number of luminous rays ot' 
streaks of light which divei^e from it, particularly in a north- 
easterly direction. Tycho is the Mons Sinai of Hevelius, and 
lies in 12^ east longitude and 43^ south latitude : it is an an- 
nular mountain or crater of not less than fifty-four English 
miles diameter. The height of the veestern border above the 
interior level is, according to Madler, 17,100 feet, and of the 
eastern border rather more than 16,000 feet. A mountain, 
very nearly one mile high, marks tlie centre of the crater. 
Tycho is surrounded on all tiides by a great number of crater^ 
peaks, and ridges of mountains, lying so close together that in 
some directions it is impossible to find the smallest level plaoa. ' 
It is, as above remarked, the origin of a number of luminous ' 
streaks or lays, which extend therefrom over fully the fuurUi 
part of the Moon^s disc ; the brightest ones branch off in a . 
norLh-easterly direction, and there are others very eonspicuoiu 
uii the western side of the crnter. These rays become visible 



TSB MOON. 



60 



I 



1 as ihe Sun is elevated from 20° to 25° above tbeir bo- 
'Ibe color U, perbapa, A little wbiter or more silvery 
llian the general lunar surface. Many opinions respecting tLe 
nstnre of these appearances bare been advanced by Cassini, 
Schroter, Herschel, and others, and they have been variously 
ityled mountains, streams of lava, or even roads : there ia 
nothing on the Earth's surface bearing the slightest analogy to 
them. Perhaps the idea first started by Mr. Nasmyth is the 
most probable, that they have been caused by a general volcanic 
upheaving of the crust of the Moon in former times, which has 
produced an appearance on the lunar surface similar to that of 
a pane of glas» broken by a sharp-pointed instrument. The 
mere fact of tbeir divei^ng from the great crater Tjcbo, proves 
Uiat it was the focus of the volcanic outbreak, whenever it may 
have occurred. A sharp eye will easily detect the appearances 
we have described on the full Moon, without the assistance of 
a telescope. 

Another very beautiful annular mountain, the converging 
point of similar luminous streaks, is that known as Copcrtiicus, 
whose selenographic place is in longitude 20^ K and latitude 
9° N, The diameter of the crater is somewhat larger than in 
the former case, or rather more than fifty-five miles, The 
highest point is about 1 1 ,250 feet above the surrounding plain. 
It is readily discernible on the full Moon, but is most favorably 
viewed when the Sun's rays have just reached its eastern side 
about the time of quadrature or first quarter, the shadows of 
the western side of the crater being then thrown on the interior 
level, that of the central peak on the same level towards tbe 
cflslem side, while the shadow of this side of the mountain 
^darkena for some distance the exterior plain on the rugged edge 
r the Moon, Generally speaking, these shadows are eitremely 
ill defined and very block. 

The spot itself is most advaiitageonsly seen in these lati- 
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tildes abo\it the first quarters in the spriDg, when the Moon has 
a higli northern declination, but the divergent streama of light 
will be best observed near the time of full Moon, 
in breadth from three to t«n miles ; the principal ones branch- 
ing' off from the crater towards the north-easL 

Kepler is a conspicuous annular mountain, the focus of 
similar rays of light, in longitude 38" E and latitude 8' 
The crater itself is about twentj-two miles in dinmeter, and the 
altitude of its eastern edge above the level of the interior \ 
found to be more than 10,000 feet. This inounttun is 
on the Oceanus Procellarum, the largest of the lunar Mat, 

Tycho, Copernicus, and Kepler, are the principal tnounUuns 
of the class lermed by Professor Madler " Strahlenbergen," o* 
the craters which form the radiating point of the streaks or 
rays, which appear so remarkable on the surface of the i 

Eratostlienea is a very beautiful annular mountain placed at 
the extremity of the long range called the Apennines, which 
cover a surface of 'more th&n 16,000 square miles. It is th^ 
Insula Vulcania of Hevelius, "the mighty key-stone of the 
Apennines," as it is aptly tevmed by Madler. The crater is not 
less than thirty-seven miles in diameter; its centre is occupied 
by a steep rock 15,800 feet in altitude above the level surfacQ 
of the interior. The outside of the circular mountMn is about 
3300 feet above the plain, on the western border, while c 
eastern side the height is more than twice as great. Eratostha> 
nes is a beauljful spot about the lime of first quarter, when tha 
long range of mountains running off from it in a semicirciilai 
form, and their shadows thrown upon the broad plain west of tiM 
craier, are most interesting objects in a telescope of adequ 
power. The selenographic place is in longitude 11° 4' E. » 
latitude 14° 4' N. It is, consequently, situated to the N. W. 
of Copernicus already described. The highest of the Apennine 
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TMtge is a moUDtain called Huyghens, which is somewhat more 
I than 1 8,000 feet in aitilude. Bradley is another lofty peak of 
ame range, and, according to Madler, attoina an elevation 
hof 13,500 feet. 

M<miliv» is a beandful annalar inountain on the nortli side 
of tbe Mare Vaporum, and is the hest determined point on the 
lunar surface. M.M. Bouvard nod Nicollet made an exten- 
sive series of observations on tbia spot, for determining the 
amount of libration and the position of the Moon's axis. The 
lelenogmphic place was found to be in longitude 8^ 47' W. 
and latitude 14" 37' N. Tbe average altitude of the edge of 
the crater appears to be 7600 feet, and the breadtL of the same 
a little over twenty-five miles. 

Pico is a remarkably steep isolated rock in the Mare Imbrium, 
and appears particularly bright when viewed under favorable 
circumstances. The summit rises full 7000 feet above the sur- 
rounding plain. The position of this mountain is in longitude 
B' 2' E. and ktitude 45'' 5' N. 

The following Table exhibiis the altitude in English feet of 
the principal lunai' mountains, calculated from the observations 
of Professor Madler : 







Belonogrtphie poslUon 




AUlludelDftel. 


Longiludo. 


LUUude 


Newton . 


. . 23,800 . 


. Ifl" E. . 


. 77° 3. 


CnrtiuB 


. 22,200 . 


. 3° W. . 


. 67° S, 


Caaatus 


. 20,800 . 


. 35° E. . 


. 74° S. 


Posidonius . 


. 1D,800 . 


. 29° W. . 


. 31° N. 


Short , 


. 18,700 . 


. 10= E, . 


. 74° S. 


Moretus . 


. 18,400 , 


. 7"^ . 


. 70° S. 


CBlippna . 


. 18,300 . 


10° W. . 


. 39= N. 


Matus 


. 18,300 . 


. 30° W. . 


. 63= 3. 


Huyghens . 


. 18,000 . 


2=E. . 


. 20° N. 


Clavios 


. 18,000 . 


. 15° E. , 


. 58° a. 




. 18,000 . 


21= E. . 


. 63° 8. 


Kircher . 


. 17,600 . 


43= E. . 


. 67° a. 


Hainzal 


. 17,500 . 


32= E. . 


. 41° a 
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Bnlanognphic pwlUOD. 





AlUliidelD fdet. 


Longllude. 


LaUlDde. 


Catharina . . 


. 17,400 . 


. 2a° W. . 


17° a. 


Theophilns . 


. 17,300 . 


26° W. . 


11° 8. 


Tycho(W. border) 


. 17,100 . 


. 12° B. . 


4a- B. 


PicMd 


. 17,000 . 


. 64= W. . 


14= N. 


Pjthaeoras . . 


. 16,B00 . 


. 60°E. . 


63= N. 


Werner 


. 16,600 . 


. a^w. . 


28° a. 




. 16,200 . 


45° ff. . 


21° If. 



Oat of the twenty lunar mountaiDs wLose altitudes exceed 
three English miles, or about 16,000 feet, fourteen are situated 
south of the Moon's eq^uator. This hemisphere appeal's mors 
generally mountainous thuii tlie northern one. The height of 
the rock to wliJch Oie name of our illustrious Newton has been 
assigned, is not much less than the heights of some of the 
loftiest summits of the Andes, thtiugh the diameter of the 
Earth is to that of the Mood as ^'7 to 1, and consequently & 
mountiun of proportionate altitude on our globe would stand 
161 miles above the surface. 

We subjoin the breadths in English miles of some of the 
lai^r cratei's or annular mountains on the Moon' 
inferred from the observations of Professor Madler. It will be, 
remarked that the six broadest cavities are in the Ikird quadrant,,, 
south of the lunar equator ; 



B^lly, . 


. 149 ... 


Claviui, . 


.143 ... 


achlkard, . 


.127 ... 


Ptolemy, . 


. 115 ... 


Bchiller. . 


.lis ... 


PhocjlideB, 


. &6 ... 


Of 148 craters 


whose diameters 


le astronomer — 
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S wwe between 1 geographical mile md 2 
7 " 2 geographical miles and 3 



e abovo 10 geographical miles In diameter. 



The lunar BW», as they 


re termed, are thirteen iu number 


tile naraea select^il by tbe 


at^st 


selenograph«rs hemg as fol- 


low:— 






Mare Auatrale. 




Mare Nectaris. 


Mare Criiiium. 




Mare Nubium. 






Ocean DB Procellaram. 


Mare Trigoria. 




Mare Sereoitatia. 








Mare Rumoruto. 




Mare Vaporum. 


Mare Imbrium. 







The Afare Criaium is 280 miles in diameter from N. to S., 
and rather more than 350 from R to W. There is a decided 
greenish tinge about it, which is very peculiar. The Mare Im- 
brivm in the largest of the dark circular spots on the Moon's 
surface — the measures of Professor Madler giving for the 
breadth, in a meridional direction, 680 miles, and from east to 
west, 750 miles. It is therefore fire times larger than the Mare 
Crisium. The Mare Stibium Las a light gray tinge, and is not 
30 dusky in appearance as some other spots near it. The Oeeo' 
uug Procellarum is by far the largest of the lunar seas, and 
covers a surface of 00,000 square geographical miles. Its pre- 
vailing color is gray, but is not so dark as in the Mare Criaium, 
though more so than the greenish plains of the Mare Humo- 
rum, &c. The Mare Serenitalis is an elliptical spot, having the 
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longer axis from 8.W. to Tf.E. ; its average diameter is aboal 
430 miles, the tinge greeuish aa in some other cases. The 
Mare TranguilliCatU is of a clear gray color. 

All tliese so-called seas are covered with annular mountains, 
craters, aud rocfe. They are best seen under very small opti- 
cal aid. 

Besides the thirteen great seas and oceans, we have the 
.Sinus Iridam, or Bay of Rainbows, a most beautiful spot od 
the northern border of the Mare Irabrium, which will be moal, 
advantageously observed when the Moon is between nine and 
ten days old. At this time, the summits of the semi-circular 
range of rocks inclosing the bay are strongly illuminated, whil* 
a strong greenish shadow marks the volley at its base. Thera 
is also the Sinva Medii in the centre of the Moon'a disc, the 
Sinui jSatium, with several other bays and lakes of Ii 

Kear the North Pole of the Moon is a mountain rathet 
more than 9000 feet high, the summit of whi(i must hav9 
continual sunshine, while the plain at its base will have an aV 
t«rnatiou between day and twilight. Ibe nearest mountalti to 
the Soulh Pole is called Malapert, in latitude 67-J°. Whe^ 
the Moon is near the first quarter, the neighborhood spears it 
fine line of points of light. The southern polar district is muo^ 
more mountainous and rugged than the opposite one. 

If a lunar ntmosphero exists, it must be one of excessive 
rarity and of no great extent, otherwise it would give rise to 
phenomena which could not fail to attract the attention of tha 
observer. Astronomers have long held a divided opinion o 
this subject, and it is still a qucestio vexata. The latest seleii 
ographer, Professor Madler, is of opinion that there may be t 
thin atmospheric envelope of vaiiable extent. 

Some authorities adduce an argument in favor of the pre» 
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rally noUcei] wheti tbe Moon pnsses before b star — a pheDome- 
laoD tech nically known as an oecuUatimi. It most frequently 
1 bttppens that the star disappears instantaneously on coming in 
I contJict with the Moan's limh, und re-appears as suddenly and 
[ completely irhen emerging from behind her disc. But this is 
not invariably the case. It has been remarked that instead of 
vaniahing entirely at the moment of contact, the star is some- 
times Been prelected on the Moon's dUc for several seconds of 
time, and a similar appearance takes place (though, we believe, 
rely) before the final emersion from the other limb. 
About twenty years since, a good deal of inlj;rest was excited 
among astronomers generally in reference to lliis matter, and 
some occultations cf the bright star in Taurus ( AJdebaran) were 
closely watched at the principal European observatories, with 
the view of bringing the question to some satisfactory solution ; 
but the result of these and other more recent observations have 
proved very far from conclusive. To illustrate this by a single 
example. At the Royal Observatory, Greenwich, some of the 
observers perceived nothing unusual either at the immersions or 
emersions of Aldebaran : the star disappeared and re-appeared 
instantaneously. Others, on the contrary, saw it distinctly pro- 
jected upon the Moon's disc for a second or two before it was 
finally hidden behind her ; and tliese persons were observing 
with similar instruments, and from the same station as the for- 
mer. Professor Powell has suggested that the phenomena may 
be accounted for theoretically on the laws of irradiation ; but 
there still remains the difficulty of explaining why some astron- 
omers should see the stars projected, while others see nothing 
of the kind. Supposing that a lunar atmosphere exists, tlie 
projections might be ascribed to the refraction of the rays of 
light from the star in passing through it ; and we might even 
go farther, and explidn how it happens that they are not always 
ntiticeJ, if we admit, with Professor Madler, that the atmos- 
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phi?re is of variable extent, and may occasionally contract with- 
in very small limits. Vet there will still be the snme difficulty 
of clearing up the anomaly, that out of a number of practised 
observers, at the same place and time, soroe should regard the 
imraersiona and emersions as inatantaneoiiB, and others be c 
vinced of a projection of the stjir upon the Moon's disc, or 
its " hanging" for a few seconds upon ber limb. These fiicts 
appear to point to the instruments employed, and to the ob- 
Hi'rvers themselves, for a sntiafactoiy explanation of the whole. 

Several instances are on record where a star, instead of dia- 
appearing tinally when first in contact with the Moon's limb, 
has run along it and re-appeared several times, evidently be- 
tween the mountains upon the edge of her disc. On the 7th 
of March, 1794, Professor Koch saw Aldebaran disappear and 
reappear three times, about thirty seconds or so intervening be- 
tween the immersions and emersions. Another observation of 
a similar kind was made by Mr. Rumker at Hamburg, on the 
18th of February, 1820. A star of the seventh magnitude ap- 
peared to run with extreme rapidity along the summits of the 
mountains on the Moon's edge, by which it was eclipsed from 
time to time. This "magnificent spectacle" continued nearly 
ten minutes, after which the star entirely vanished. 

Occultationa by the Moon of the planets Jupiter and Saturn 
are phenomena of great interest, though not of frequent oo- 
currence. 

The existence of active volcanoes upon the Moon ii 
ject which has been a good deal discussed, particularly within 
the last seventy years. Hevelius, when he was engaged upon 
his Sfhnographia, remarked that the spot called by him Mont 
PorphyHlee, but now known as Arhiarekus, appeared reddish, 
and seemed to bum, or rather to emit fiames, whence he con- 
jectured that ila nature was similar to that of Vesuvius 
jEtna, or the other volcanoes upon the Earth's surface. In 178Y 
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r William Herschel announced that ho had observed three 
Tolcaooes in actual operation in diderent parts of the Mood. 
The principal one was situated about 4' from the northern 
limb. It was closely watched on the 19th and 20th of April. 
Uie diameter of the burning pai'l was three seconds of arc, or 
about three miles. Alt tie adjacent parts appeared to be illu- 
minated by the eruption. The other volcanoes were much 
nearer the centre of the Moon. They exhibited no well-defined 
luminous spots, but resembled " large, pretty faint nebulae, that 
are gradually much brighter in the middle." After the publi- 
cation of these observations, the attention of astronomers gen- 
erally was directed to the subject. Luminous appearances have 
been repeatedly noticed in the dark part of the Moon, when not 
more than three days from conjunction, during the pailial ob- 
scuration of her Burface in a lunar eclipse, and when her dark 
body has been seen projected on the Sun, during an eclipse of 
tbat luminary. The bright spot thus observed is almost inva- 
riably upon the Mons Porphyritet of Hevelius, or the Arintar- 
dius of RJGcioli, and by far the greater number of observations 
have been made soon after or before new Moon, when this part 
ot the disc Is far distant from the boundary of the illuminated 
surTuce, but at the same time in a pi^itiun to receive a great 
deal ot earth'light. Shortly before the lunar eclipse of August 
2, 1823, Flauguergues remarked that Aiistarchus seemed, as 
usual, more brilliant than the general surface of the Moon, its 
color being a very decided yellow. As the penumbra ap- 
proached, it appeared grayish, and more so when the spot was 
l^Uy covered by the dark shadow ; but sljll it was clearly dis- 
cernible, though tLe spots known as Kepler and Copernicui 
vanished as soon as they were immersed in the shadow. During 
more than two hours, while the Moon was undergoing eclipse, 
the appearance of Aristarchus was the same ; the light was so 
distinct and striking that aa observer might readily suppose he 
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saw 11 lunar volcano. Flauguerguea, however, adopts the 
opinion of Mechsin, Olbera, and other aBtronomers, who consider 
this phenomeDon due to the illuminatjon of the flat summit of 
Aiiatarchus by the "lumiSre cendr6e,"* as it is termed ; it ia 
probable that this partJGular spot isof a nature to reflect the light 
more readily than others, which would account for its being so 
repeatedly observed as n brilliant point. The flickering flame- 
like motion which is occasionally remarked can be due only to 
certain conditions of the Earth's atmosphere. When the sky 
is perfectly clear, and the air still, the summit of the mountain 
is seen steadily illuminated ; but under less favorable drcum- 
stances, the light has all the wavering motion which a volcanic 
eruption might be supposed to induce. 

During the total eclipse of the Sun, on the 24th of June, 
1778, Don Antonio de Ulloa saw upon the disc of the Moon a 
luminous point, which was, strangely enoufrh, conjectured to bo 
a trough or canal cut through the body of the Moon, through 
which the Sun's light was visible. This is an e-xplanatJon veiy 
onlikely to meet with the concurrence of astronomers. It is 
far more probable, as Flauguei^ues conjectures, that the phe- 
nomenon was owing to the phosphorescence of Aristarchus, par- 
ticularly as a diagram of the position of the brilliant point upon 
the Moon's dark body agrees tolerably well with that of Ota 
spot. 

After what has been here stated, the reader will see thi 
there is no absolute necessity to admit the existence of active. 
volcanoes upon the Moon in order to account for tlie appear- 
ances which have been observed upon her disc from the time 
of Hevelius to the present day. It is only necessary to sup- 
pose that, from the peculiarly reflective nature of the spot 

* By tbc " LnmiSre Cendrfie" is understood the light derJTed first 
by the Earth from the Sun, aflernards reflected IVom tbo Earth to the 
Moon, and finally IVom the Moon to the Earth. 
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Ari^tarcliiu, tb&t p&it appears brighter than tbe Test of the tunai 
Buiface when the Earth is shicjing strongly on those regions, 
while, if we admit a liind of phosphorescence in the spot, which 
causes it to emit duriug darkness the light it had previously 
imbibed duriug sunshine, we may explain without much diffi- 
culty the brillinnt points recorded as having been observed 
when the Moon is immersed in the Earth's shadow, or is seen 
projected upon the Sun. The previuling opinion amongst aa- 
tronomem at the present time is consequently adverse to the 
existence of active luuar volcanoes. 

Hevelius was the first astronomer vrho paid much attention 
to the deliueation of the tidesoopic appearance of tbe Moon. 
His Selenograpkia. published in 1647, is a detailed description 
of our satellite, and contains, besides a p;eneral chart, about 
forty special charts for different phases, all drawn and engraved 
by himself. The optical power, however, employed io their 
formation was so small, that they have long since been supersed- 
ed by others bearing greater pretenaioua to accuracy. Father 
Kccioli of Bologna published a lunar map in IG51, the various 
ipota being distinguished by proper names, instead of the 
geographical ones, Ac, assigned by Hevelius, and this nomen- 
dature has been closely followed, as already remarked, by suc- 
ceeding astronomers. The celebrated Dominic Oasaini formed 
& chart of the Moon's surface in 1680, and about the year 
1749, Tobias Mayer of Gfittingen published one, which, though 
flmaller than Casaini's, is more accurate, and, in fact, the best 
tiiftt was in the possession of observers up to the year 1824. 
The indefatigable Schroter of Lilientfanl was the author of a 
large worlt, printed in l'?91, and entitled " Selenotopographic 
Fragmenla" in which are given special charts of many of tlie 
principal spots upon the Moon. This work ia now become 
Boroewhat rare. Schrfiter evinced great perseverance in his eat- 
smination of our satellite ; but it appears he was not always 
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fortunate in his description of particular tracts upon the but- 
face. In 1824, the first part of wiiat was intended to be an 
eluborate work upon this subject was published hj W. G. 
Lolirmann of Dresden. The charts are stated b; Miidler to be 
verj exact, and it is most unfortunate that their appearance 
waa interrupted, bo that Instead of twenty-five maps, as in- 
tended, we are only in possession of four. 

In 1837, the very elaborate and excellent chart of the 
Moon by M.M. Beer and MadWr was placed in the hands of 
astronomers, and. from its extent and minuteness of detail, 
eclipsed all others. The chart aocouipanies the fine work of 
M.M. Beer and Midler upon the Moon, in which they have 
given us the results of a most laborious exaniinHtion of tbe 
various spots. The large map is three feet in diameter; but a 
smaller one, of about one foot diameter, was aisa published, 
and is quit« sufficient for recognizing the principal moun- 
tains, &c., exhibited by ordioary telescopes. The larger chart 
loses much of its utility without the accompanying descrip- 
tion. This great work of M.M. Beer and Miidler will doubt- 
less he regarded as the standard work upon the Moon for many 
years to come; and when another examinalion of the surfacfi 
of equal extent and precision has been made half a century 
hence, it will be most interesUng to compare the results with 
those of the German astronomers, as such comparisons may 
lead to conclusions as unexpected as they would prove impor- 
tant in the physical history of our satellite. 

In addition to general and special charts of the Moon, 
models of various craters and chains of mountains have been 
executed with the help of powerful telescopes and microme- 
ters ; and a Hanoverian lady, Frau Hofrathinn Witte, Laa ex- 
tended this modelling on a small scale to the whole visible 
surface of the Moon. Sir John Herschel gave a descripticil 
of this beautiful model of Madame Witte's at the meeting of 
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the Royal Astronomical Society in November 1845 : only two 
oopiee are in existence, — one was enhibited on this occasion ; 
the other is deposited in the Ruyal Museum at Berlin. The 
positions and general outlines of the lunar cratera «nd moun- 
tains were first laid down from Madler's great work upon a 
twelve-inch globe composed of mnatic and wax, and the details 
• were afterwards filled in by Madame Witta from her own ob- 
I servatioDs with a Fraunhofer telescope, placed upon the roof 
I of her dwelling-house. In order to exhibit the relative heighla 
of (he various mountains upon this small globe, they are laid 
down twice as high as they should be in proportion to the 
tliBniet«r. It is to be regretted that all attempts to multiply 
rapies of this elaborate and beautiful work have hitherto failed. 
A model in plaster of Paris of the region about the crater 
I Slaurolycus has been constructed by Mr. Nasmyth of Man- 
I cheater, and is in the possession of the Astronomical Society 
I of London, as also a smaller model of the fine crater Eratos- 
thenes and its vidnity. 
1 The appearance of the heavenly bodies to the inhabitants 
' of the Moon, if any, are widely different from those we witness 
ourselves. The Earth appears to them a great globe more 
I than 2^ in diameter, and, so to speak, is a lixcd object in their 
I heavens, only altering her place by the amount of the Ubration, 
or oscillating to and fro in a space of 15° 8' of longitude, and 
13° 8' of latitude. The stars and planets, therefore, pass behind 
lier, and occultations of these objects by the Earth must be in- 
teresting phenomena to the lunarians. Our globe, moreover, 
nflecta a vast amount of light for their benefit, and exliibits to 
them all the varied phases which are presented to us in the 
course of a lunar mouth, but in inverse order. Thus, when the 
Moon is at the first quarter, the E^rth will be in her last qusr- 
ter, when our satellite is full to us, we are new to them, or 
tliey have the Earth in conjunction with the Sun. These re- 
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marks apply only to those parts of the lunar surface which are 
turned towards otir globe, for the inhabitants of the opposite 
BJde never see the Earth at all, and those who are located on 
tUe apparent borders of the lunar diac only now and then ob- 
tain a glimpse of it in their horizon, for which they are i; 
debtcd to the lihrationa in longitude and latitude which wA 
have already noticed. 

At the lunar equator the solar day is of a constant length, 
and about equal to 364h. 22m., or 14d. 18h. 22m. of o 
mean Kolar time. At a latitude of 45^, the longest day n 
357h. 19m., and the shortest 3alh. 26m. The difference, of 
course, increases as we approach the poles, and in 68^ of lati- 
tude the longest day is 449b. 2em., or 18*i. ITh. 28m., and 
the shortest 259h. 16m., or lOd. 19b. 10m. of our time. Tha 
mean length of a day at the Moon is equal to half a st/nodie 
revolution round the Earth. On the summit of the mountain 
known as Huyghens, which, according to the measurement of 
Professor Madler, has an altitude of 18,000 feet, the i 
length of a, day exceeds hy 18b, the average length oi 
surface at that latitude, wlercas the loftier Bummit of Chim* 
horazo, on our own globe, only experiences an increase of 20in, 
on the mean length of a day on the plains. In those parts at 
the Moon which remain always invisible to us, night must b* 
totally dark, — no earthsbine can reach them, and the brightest 
objects in their heavens will ho the planets Mars and Jupiter^ 
which can afford no more light to the lunarians than they do to ui 

Pytheas, of Marseilles, who lived about 380 b.o., is said U 
have been the first to point out the influence of the Moon upa 
the ebb and flow of the waters of the ocean, yet his theory aeetai 
lo have obtained little credence at the time, and the astronomy 
gained nothing by its divulgement, Kepler claims priority n 
the production of a treatise upon this subject, in which bi 
showed that the action of both Sun and Moon is to be con 
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sidered io Recounting fur the phenotneDOti, but it was not till 
Kewton's PriTKipia appeared that the modus operandi waa 
explaioed. Owing to the much greater proximity of the 
Hoon, her influence preponderates over that of the Sun, though 
HiQ latter haa still Bufficient power to bring about a conader- 
■ble variation in the heights of the tides according- to Ilia 
|)OaitioQ with regard to the Moon. As our aatellite, in the 
coura6 of a IvTiar day (about 24h. 50ni.), passea successively 
over the meridian of every plac*i upon the Earth's surfsce, the 
■waters of the ocean are dniwn after her by the attractive in- 
fluence exercised upon them, the greatest wave arriving on any 
particular meridian a short tinne after the Moon has passed 
over it, since her action is not instantaneous. So also the Sun, 
in the course of a notar day, produces a much smaller wave, 
which will coincide or otherwise with the lunar one, according 
to his position in respect to the Moon. 

Now if we bear in mind that the Moon not only attracts 

the waters upon the surface of our globe, but has a similar in- 

flnence upon the Earth itself, it will not be very difficult to 

account for what at first sight may appear a very singular 

I phenomenon — that the tidal wave is produced simultaneously 

upon those parts of the Earth which are furthest from the 

Moon, or have her at a maximum depression below their bori- 

Eon, as well as upon those parts which have her nearest to 

them, or on their visible meridian ; in other words, soon after 

1 satellite has culminated at any place, whether on the upper 

or lower meridian, the waters iu the neighborhood are most 

I elevated above their ordinary level. It is then from the cir- 

I Gumstanc« of the Moon having a more powerful influence upon 

I' the Earth itself than upon those seas which are furthest from 

r her that the waters are left behind, so to speak, to tlie amount 

f of the difference in the attraction of the Moon upon them, and 

' upon the intervening land. 
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The interval elapsing between two maxima of the tidal 
wave at any place, is rather more than twelve honrs, or about 
half the Innar day of 24h. 40m. Hence, in the course of a 
day, we have high water and low water twice. There are sev- 
eral circumstances tending to vary the amount of elevation 
of the waters, as the change in the distances of the Sun and 
Moon from the Earth, and in their declinations at different 
times. .The tides which occur at the syzigies are usually called 
the spring tides, and those at the quarters the neap tides. The 
highest tide takes place generally when the Moon is in perigee 
and on the equator. Local winds, and other causes of a sim- 
ilar kind, tend greatly to throw uncertainty upon any deduc- 
tions relating to the height of the tides ; but their general 
theory is now well understood, — the Astronomer Royal, Dr. 
Whewell, Sir John Lubbock, and others of our own country- 
men having devoted much time and labor to the subject. 



CHAPTER VI. 

ECLIPSES OP THE SUN AND MOON. 

rFlHE eclipses of the Sun and Moon, particularly of the former, 
-*• are amongst the most imposing phenomena of the heavens, 
and have been observed and studied from the remotest ages of 
antiquity. 

The term eclipse is applied in the case of an obscuration of 
either of these luminaries. When the Moon, in the course of 
her monthly revolution round our globe, comes precisely into a 
Hne with the Earth and Sun at opposition, she must be im- 
mersed in the shadow of the former, and, as her light is reflected 
from the Sun, an eclipse or darkening of her disc must take 
place. This eclipse may be total or partial only, according as 
the Moon passes centrally or otherwise through the Earth's 
shadow ; in other words, according to her distance from the 
node at the time of syzigy. If this distance exceed a certain 
nmnber of degrees no eclipse can take place ; within another 
known limit a partial obscuration may occur ; and, if the argu- 
ment of latitude is still less, the Moon must be entirely immersed 
in the shadow about the nodal passage, and a total eclipse will 
be the result 

Again, if the Sun, Moon, and Earth are in the same line at 
eonjimction {ije^ with the Moon between the Sun and Earth), 
or nearly so, the dark body of the Moon will intervene between 
die Etaih and Sun, and cause a total or partial obscuration of 
the litter, or, as occasionally happens, if the Moon passes ex- 
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actly between these two bodies at syiigy, but so far from th« 
Eartb as to have a les-t ajipareat diameter than the Sui 
Domenon termed ao annular eclipse wili take place, n small 
portion of the btight surface of the Stm appeanng like an atiD 
lus or ring round the dark body of the Moon. 

It is evident, therefore, that the phenomenon called t 
eclipse of the Moon, is prodaced by causes entirely difiereo^ 
from those which operate in an eclipse of the Sun. A solai 
eclipse would be more properly termrd an oecuUation of H 
Sun by the Moon. 

If the plane of the Moon's orbit exactly coincided with tl 
ecliptic, there would inevitably happen an eclipse of the 6 
and one of the Moon in every lunation, but as its inclinalJoil 
thereto exceeds 5^, the Moon's latitude at the time of conjune 
tioD or opposition will frequently he ro great as to cause hei 
to pass above or below the limits within which eclipses tnajF 
happen, and, consequently, none will take place. The occu^ 
rence of these phenomena depends, therefore, upon the distance 
of the Moon from her node, or her latitude in conjunction and 
opposition. 

According to the latest tables of the Sun and Moon formed' 
bj Carlini, DamoiKcau, and Burckhai'dt, in order that an eclipaa 
of the Sun may take place, the greatest possible distance of th(j 
Sun or Moon from the Irue place of the ascending or descend- 
ing node of the Moon's orbit is 18^ 36' ; and an eclipse U 
possible if the Moon's latitude exceed 1° 34' 52", while, if it b« 
less than 1" 23' 15", an eclipse must necessarily take place;. 
between these limits the occurrence of one at any station u 
doubtful, but depends upon the parallaxes and apparent seint- 
diameters of the two bodies at the moment of conjunction. 

Employing the same tables, it is found that an eclipse o 
the Moon may occur if her distance from the true place of tb( 
node at the time of opposition does not exceed 12° 24': the' 
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greatest possible latitude IB 63'45"; if it be leas than 51' 57" 
aa eclipse is certain ; between these limits it is doubtful, but de- 
pends, as in the former case, upon the actual value of the semi- 
diameters and horizontal parallaxes. 

The greatest nUDiber of eclipses that can happen in any one 
year is seven, and, of these, five may be solar and two lunar, or 
diree solar and four lunar. The average number is four, and 
the least two : in the last case both will be solar. The varia- 
tion in the number of eclipes is easily explained. During the 
time the Elarth occupies in passing through the solar ecliptic 
Vmits, a new Moon must necessarily take place, and therefore a 
large solar eclipse ; but, at the full Moon immediately prece- 
ding, it may happen that the Earth had not got within the 
lanar ecliptic limits (which are less than those of the Sun nearly 
in the proportion of two to three), while, at the next full Moon, 
our globe may have p.issed beyond them, which accounts for 
&e non- occurrence of any lunar eclipse that year. Again, with 
regard to the greatest number of eclipses, we observe that 
twelve lunations occupy about 354d. 36m., which is nearly 
deven days less than the mean length of the solar year. Con- 
sequently, if an eclipse — say one of the Sun— should happen 
before the Xlth of January in any particular year, and there 
^ould occur at that and the following node two solar and one 
hm&r eclipse at each, then, at the twelfth lunatjon, which will 
take place before the end of a solar year, the Karth, in conse- 
quence of the retrograde movement of the Moon's line of nodes, 
may have got within the solar ecliptic limits, and a fiflh solar 
eclipse may occur nithin the year. If we had supposed the 
first eclipse to be lunar, then we should have three of the Sun 
sad four of the Moon, or seven in all, as above remarked. 

We have seen that the eclipses of the Sun and Moon de- 
pend uiwn the position of the latter luminary, in respect to her 
node at the tame of new and full Moon, and it is therefore evi- 
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dent tliat if any cause should operate to bring about a aimilar- 
ity in tbeir conditions after the lapse of certain inten-als, the 
eclipses will become cyclical phenomena. It so happens that 
such a cause does operate, arising from the near commensara- 
bility of 223 mean synodical revolutions of the Moon on which 
the phases depend, and 19 synodical revolutions of her nodes, 
the fonner exfeniling [o 6585-32 days, and the latter to 6585-78 
dap. The agreement, it will be observed, ia not exact, othai^ 
wise a reuiirrenca of h11 eclipses under the same condition mnrt 
take place in every period of rather more than eighteen years, 
but the difference, amounting to leas than half a day, is so small 
that it is found that eclipses do occur in something like regular 
order after the coraiiletioii of nineteen synodic revolutions of th« 
Moon's nodes. A knowledge of this fact, as far as regards the 
length of the interval, may perhaps have enabled the ancient 
astronomers to forelell the occurrence of a great eclipse, since it 
is quite certain they iiA so in more than one instance before 
the true nature of eclipses was understood, and the eighteen 
year cycle is said to have been known to the Chaldeans under 
the name daaroi. 



ECUFGES or tSE euN. 
A solar eclipse may be partial, — that is, a portion only of 
the dark body of the Moon may intervene between the Sun and 
the observer on the surface of the Earth ; it may be total, if the 
apparent diameter of the Moon exceed that of the Sun, and the 
former body passes nearly centrally before that of the latter ; or 
it may be annular, when tJie Sun's apparent diameter is greater 
than that of the Moon, traversing his globe as before. If the 
centres of Sun and Moon exactly coincide in the latter case, the 
eclipse is said to he antral and annular, the Sun appearing for 
a moment only as a brilliant ring or annulus on the dark ground 
of the heavens, of uniform breadth in every part. Total eclipsee 



I 



ECLIPSES OF THE SUN. 

are perlisps tbe most grand and imposing, and central and an- 
nnlsr eclipses nmongst the most beaulifal of <:elesti3l phenom- 
ena. Tile former have been viewed in all ages with awe and 
astoQiahraent ; the gradual diminution in the light of the great 
rnler of the day, its sudden total estinction, the almost super- 
natural appearance of tlie heavens and surrounding objects 
during total darkness, the visibility of the stars in daytjme, and 
other phenomena accompanying a lai^ eclipse, are all calcu- 
lated to inspire the mind witii feelings of reverence for the 
Oreflt Being whose power they proclaim, while they must at tLe 
tame time inipreiis upon it a feeling of admiration for that sub- 
lime sdence by the laws of which man is able to foretell the 
oocnrrence of eclip^^es, not to the day or the hour only, but to 
the very minute, — -not merely a few years beforehand, but for 
centuries in adviince. 

Total eclipses of the Sun in any particular locality are phe- 
nomena of very rare oeuui'rence. Thus, in London, none had 
been observed between the 20th of March, 1140, and the 22d 
if April, 1715, though in tbe interval the shadow of the Moon 
bad repeatedly passed over other parte of Great Britain.* The 
neit total eclipse i-isible in England will take plnco on the morn- 
ing of the 19th of August, 1887, and large eclipea will happen 

March 15th, 1858, March Sth, 1867, December 22d, 1870, 
and May 2eth, 1900. 

Id order lo give the reader some idea of lie appearances he 
imy expect t« witness in a total, or very targe eclipse of the 
Sun, we shall here particularize some of the niDst remarkable 
phenomena to which astronomers have drawn attention, while 
at tbe same time we describe the more usual characteristics of a 
Bolar eclipse. And, in the first place, it m.iy he observed, that 
the detenuination of the precise time when the limba of the 
Sun and Moon appear lo touch each other, or, as it is techni- 
* According to Dr. Halloy. 
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c&Wy called, the moment of first contact, is one of great impor- 
tance, inasmuch as the longitudes of places may be thereby ascer- 
tainEid, from comparative observations, with a high degree of 
accuracy. Careful and practised observers will seidom difler 
more than two or three seconds, especially if the instrumental 
means employed at different stations are pretty nearly the same 
as regards optical capacity. The angle from the apparent 
nortb point of the Sun's limb, where the contact with the 
Moon's dark body takes place, is always calculated beforehand 
from the solar and lunar tables, nnd tlie astronomer will have 
his eye directed to the precise spot some minutes previous to the 
computed time of the commencement of the eclipse. It has 
happened ouce or twice during these preparatory momenta that 
an appearance resembling a. faintly illuminated limb of the 
Moon has been perceived near the border of the Sun, which 
would tend to establish the visibility of a portion of the lunar 
disc as a bright object, before the actual contact of limbs ; this 
has been noticed in England and America during the present 
century. The occurrence of first contact is sometimes indicated 
by the appearance of one or more prominent points upon the 
Sun's limb, possibly attributable to the mountains on the appa- 
rent edge of the Moon. As the eclipse progresses, flashes of 
light are occasionally remarked upon the lunar disc, and in one 
instance a solar spot, situated near the Moon's edge, seemed to 
be suddenly illuminated. Luminous appearances of a. more 
permanent character have been witnessed upon her sur&ce, 
either in form of a bright spot or a narrow stream of light. 
The visible edge of the Moon'a disc has frequently been observed 
to project beyond the solar cusps, in the first instance by Heve- 
lius, and many times during the last and present centuries. As 
the l«tal obscuration approacbes, the remaining portion of ilia 
Sun's illuminated disc gradually changes color, becoming dtber 
reddish or of a fainter color than before. One observer of the 
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total eclipse of July 7, 1842, states tbat tbe thin creacent of 
light was Buddetily changed to a line of luminous points, which 
appeared to wave from the eitremitiea to the centre of the 
crescent, like " a device in ffas swept over by a strong breeze," 
and similar appearances have been more of less perfectly ob- 
served by others. Tbe diminution of light, though gradual, is 
not uaaslly very great until a few minutes previous to the total 
obscuration of the Sun, when the color and general appearance 
of terrestrial objects change rapidly, and an unnatural gloom 
prevails. As the last trace of tbe Sun vanishes, darkness e»- 
stantaneously supervenes, and tbis sudden transition is described 
by all who have been fortunate enough to witness it as a most 
imposing, nay, awe-inspiring phenomenon. 

The Moon's surface is sometimes partially illuminated by a 
faint doubtful kind of light during the totality, and on one 
occasion the spots were distinctly oliaerved by Vaaseniua at 
Gottenberg. M. Arago and Mr. Airy also bear witness to the 
uniform illumination of the disc, but could see no inequalities 
of light, either of tbe nature of a dark tract or bright spot : 
hence it would appear that this lumiere cendree, as it is termed, 
wbicb is reflected from the Sun to the Earth, afterwards from 
the Earth to tbe Moon, and finally from the Moon to tbe Earth, 
is of variable intensity, and aomelimes is entirely overpowered 
by what M. Arago calls the lumiere almospkh-igtte. The most 
beautiful appearance peculiar to a total eclipse is that of the 
corona, or ring of light of variable extent, surrounding the dark 
body of the Moon, and very closely rc-scmbling the "glory" 
with which painters encircle the heads of saints. It waa first 
generally remarked during tbe eclipse of 171B, and was par- 
ticularly described by Halley, Louville, &c. ; hut a similar lumi- 
nous ring is referred to by observers at a much earlier period. 
It must be borne in mind that we are at present treating only 
of total eclipses, and this corona has therefore no coimectiun 
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with the amtulwi, which is formed in a central and annula 
eclipse, to be noticed further hereafter. In July 1842, ■ 
attention of astronomerB was especially directoJ to the appeal 
anoe of the eorona, Mr. Airy, who made a journey to Turii 
for the purpose of witncasing the great eclipse, describes it a 
a ring of peach-colored ligbt, and possibly with somewhat of B 
radial appearance, though not suflSciently marked to inleriera 
with the general annular structure. Mr, B^ly, on the contrary, 
says the eorona had the appearance of brilliant rays, and that 
he was unable to trace the well-defined shape of a ring at tb 
outer border. The rays were vivid and Jlickeriiu/. At Mont 
pellier, many persons si^pectcd a rotatory motion of the ooTif, 
na, and M.M. Otto Struvo and Schidlofsky, who observed L' 
eclipse at Lipesk in Kusaia, tell us it was always in a state i 
violent agitation. Neither Mr. Airy nor Mr, Daily remarked 
any material deviation from a uniform breadth in the ring ; boC 
at various stations in France, and likewise by one observer I 
Milan, long jets of light, called aiprettei by M. Arago, wM 
particularly noticed. Persons differed much in their estinu 
tions of the breadth of the corona : some considered it hard^ 
more than one eighth of the Moon's diameter, or about fotu 
minutes of arc, while others traced the streams of light thra 
or four degrees from the limb of the Moon. These discordanv* 
ces must be in some measure due to atmospherical conditions, 
whatever be the true cause of the appearance of a conma. 
The color of the light was equally the subject of doubt Mr. 
Airy, as we have seen, thought it was peach-colored ; Mr. Baily 
says it was perfectly white — and other observers at Narbonne, 
Lipest, Ac, were of the same opinion. M.M. Laugier and 
Mauvais, at Perpignan, judged the aureola to be yellowish, m^ 
viewed with the telescope, but colorless to the naked eye ; 
Professor Majocchi, at Milan, soys it appeared to him wbit< 
" with ft tendency to yellow." The intensity of the light 



ao^H 
hit« 




9 stated to have been suuh that the eye was scarcely 
able to support it ; yet at Milan, Vienna, Ptrpignan, and Tari- 
OUB other places in France, Italy, and Germany, it was pre- 
cisely similar to that of the Moon. M. Arago suggests that 
the much greater altitude of the Sun at the total phase above 
tiie horizon of Lipeak than at Perpignan, and other stations in 
the south of Europe, may possibly serro to explain, partially at 
least, this wide difference. The Sun yias nearly 30° higher at 
Lipesk than at Perpignan. The precise time of the first for- 
mation and final disappearance of the corona is also variously 
given by astronomers who witnessed this eclipse. Generally, 
however, it is stated to have been visible some few seconds bt- 
fire the extinction, of the Sun's light, and after its re-appear- 
ance. At Montpellier the white aureola was perceived five or 
six seconds before totality came on, and about the same time at 
Salon, Msraeillea, Pavia, &c. At Alais, where the eclipse was 
not quite, though nearly, total, the corona was distinctly seen, 

We have yet to mention another most remarkable and 
beautiful phenomenon, which was witnessed by several eminent 
astronomers during the total eclipse of 1842. It consisted of 
rose-colored flames or prominences at various parts of the Moon's 
limb, wbile the Sun was entirely covered. At Vienna, Pro- 
fessor Schumacher remarked three of these protuberances which 
continued steadily visible, without the flickering peculiar to the 
corona. They were of a rose-red color, and between one and 
two minutes in altitude. 

Mr. Airy, trom the Superga, near Turin, saw three of these 
itnall flames, of a full lake-red, and brighter than the rest of 
the ring or corona : the distance between the first and third 
was about 40^ on the Moon's limb. They were visible without 
the telescope shoitly before the re-appearance of the Sun. Mr. 
Baiiy, at Pavia, also saw three protuberances " apparently ema- 
Dating from the circumference of the Moon, but evidently 
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e. M. Aiago, a 
iiorthem limb, rose-colored on 1 
some points. M, Mauvais, at i 

e place, witnessed the gradual increase of a small reddisj 
spot to conspicuous " mounfains," perfectly well defined, 1 
not of a uniform color. They might be compared to the Bno' 
tops of the Alpine mountains illuminated by the selling Sus 
There were three distinct prominences, the last of which 1 
came perceptible about Ini. 10s. afler the Sun had disappeared 
Similar phenomena were recorded by observers at Toulta 
Marseilles, MontpelKer, Narboniie, and other places in Franot 
At Lipesk, in Russia, M. Schidloisky saw the rose-colore 
mountains, and also remarked that a cousiderable portior 
tlie Moon's limb was strongly tinged with red. At Padai 
many persons saw the " flames" with the naked eye. Profes 
Santini noticed two " pyramids of fire," which he thought of i 
strong violet hue. M. Conti saw them long after the Sun hai 
reappeared. M. Biela, observing at the same place, c 
three, and agreed with the distinguished astronomer Santini a 
to their purple color. Orf the first glimpse of the Sun, the* 
points seemed to run into one narrow border, and i 
altogether after a few seconda. 

Similar phenomena to those we have described, before t 
time of totality comes on, are also remarked as the eclipa 
diminishes. 

We have confined this brief account of the piindpal ph( 
nomcna of a solar eclipse, in a grcHt measure, to that whi 
took place in July, 1842, because it is the latest of whidi pi 
ticulars are fully published, and was observed by many of t 
most experienced astronomers of the day. It is, however, 
be remarked, that very few novel appearances were noticed, t 
relations of previous eclipses containing references to most 
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e plienoinena recorded in lliat year. Thas, the corona sur- 
rounding the Sun nod Mooa during totnlitj' is mentioned b; 
leveral eye-witneaaeH of the eclipea of 1706, I7l5, 1778, 
)6, &c.: its color in 1700 was golden, in I7l6 it appeared 
A pearl-wbit«, tinned wilh the hues of the rainbow, accord- 
to Dr. Halley, and on other occasions, it has been described 
I reddish, pale yellow, and peach-colored. A flickering or 
diness of the corona, giving the idea of a whirling mo- 
^ftffl, was remarked as early aa the year 1628, and also in the 
' adipses of 1706, 1778, and 1816. The rose-colored flames or 
proiniDencea, projected on the light of the corona, were seen 
during the total eclipse of May 3d, 1733, by Vaasenins, at 
Giothenhnrg, who has left, us a veiy clear account of Ihem. 
They were three or four in number, of a reddish tinge ; thu 
inasl conspicuous one occupying a position ou the Moon's limb 
about jnidwiiy between tLe north and west points, or, as we 
should now say, at an angle of position of about 315°. Two 
other observers of the Bamo eclipse witnessed a similar appear- 
ance, though less completely. PoBsibly the words used by 
Julius FinnicTis, in reference to the total eclipse of a.d. 334, 
July 17, at Constantinople, may apply to the so-called "red 
flames" of modern astronomers. 

During the totid obscuration of the Sun, stars of the first 

and second magnitude, and the brighter planets, become eoa- 

Bpicuoua in the heavens, and on some occasions stars of a fainter 

class have been delected when the atmospheric circnmstancea 

happened to he unusually favorable. During the total eclipse 

I '<rf 1842, the planets Mars and Venns were distinctly visible at 

f ■nuny stations in Italy and Germany, and Mercury was pcrcep- 

tiUe, according to one observer, in Russia. The bright stars, 

[• CapeUa, AlUebaran, Betelgeus, Castor, and PolluK, were 

r'Unongst those noticed in different places. In some localitjea, 

■ many as ten were counted. The color of the sky, and of 
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objects surrounding the observer, is frequently recorded to have 
changed in a remarkable manner, as the time of total extinc- 
tion of the Sun's light approached. So early as a.d. 840, 
this circumstance is mentioned. Dr. Halley, in describing the 
great eclipse of 1715, says, as the totality came on, the color 
of the shy changed from its usual azure blue to a livid purplish 
hue, and the darkness of the eclipse was attended by a chill 
and damp of which everyone was sensible. During the eclipaa 
(^ July 1642, much attention was paid to the natural phenom- 
' ena accompanying it, but observers vary a good deal in th«r 
descriptions. In France tlie color of surrouTiding objects be- 
came yellowish, or of a light olive tinge, and in a sea-horizon 
a broad band of an orange color was formed. At the com- 
mencement of totality, the figures of persons standing near 
assumed n pale cadaverous aspect according to some authori- 
ties, while others describe them as greenieh. In Italy, gener- 
ally a greenish hue covered the whole landscape at this mo- 
ment, gradually changing to violet as the darkness deepened. 
At Novare, the heavens, up to an altitude of 50', were of a 
rosy tinge, like that of the Aurora Borealis. One observer 
describes the faint illuminatiou of objects in his neighborhood 
as resembling that afforded by ignited spirits of wine. While 
the vast plains surrounding Milan presented a deep green hue, 
at Cremona the landscape seemed a.s though it were illumina- 
ted by a Bengal lighL These varied accounts are probably 
to be ascribed in some degree to optical causes depending 
on the observers themselves. 

During the eclipse of 1842, nearly the whole population of 
some of the principal cities of southern France and Italy, wbieh 
were upon the central line, turned out to view the rare phe- 
nomena of a total deprivation of the Sun's light in the day- 
time. At Pavia, Mr. Baily says, " there was an universal 
shout which made the welkin ring," at the conclusion of tba 
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eclipse ; and M. Arago, who observed at Perpignan, says nearly 
twenty thousand persons covered the ten'aces, rampai'ts, and 
other eminences about the place, and that an astounding shout 
&om this multitude announced the extinction and reappearance 
of the Sun's rays. At Milan, FRdua, &c, the excitement was 
equally great, " Long live the astronomers I" was tlie cry in 
the former city, when the rose-colored flames burst forth on the 
bright ground of the corona during the total obscuration. Two 
bundred years previously, many of the inhabitants of Paris hid 
Qiemselves in caves on the mere announcement of an eclipse of 
the Sun, which was total in that city !* 

The sudden extinction of the Sun's light in total eclipses is 
not without its effects upon the animal creation, and naturalists, 
who have confined their attention to terrestria! observations 
during the totality, relate some curious instances of the alarm 
and astonishment exhibited, not only by the more sagacious 
aoimals, but by birds, and even insects. In July, 1842, in the 
south of France, hoi'ses attached lo vehicles came to a decided 
stand, and no exertions of their drivers, though hacked by the 
whip, could induce them to proceed until the Sun had again 
^peared.f Cattle in the Selds congregated together imme- 
iHately afler total darkness came on, as if in apprehension of an 
I attack. Dogs, in particular, appear ijj have been sensible of 
some unnatural event, howling piteously during the deprivation 
of the Sun's rays, or hastily seeking some place of safety. At 
Montpellier the swallows, which were numerous before the com- 
mencement of the total phase, suddenly disappeared until it 
hod formed, and in one place it is said a great number of birds 

■ Avago — " Annnalre dn Bnreau des Long! IndeB"— 1846. 

t An eioeptlon ninat be made in respect of the horsei employed 
la thu pnblic diligence!, whicb, singularly enough, betrayed no signs 
of alarm, hat, as M. Arago obMn'ee. " paid aa little a 
phenomenon as the railway locomotives." 
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fell upon the earth. Iliat this circumst&ace has happened 
jirevious echpses there can he no douht : it is distJnctly me 
liuned hy Clavius as having occurred at O^imbra during tl 
total eclipse of August 21, 1660, when the gloom is saidl 
iiave been greater than that of night. The stars were distiod^ 
visible, and the birds, '^mirabile diclu, fell from the a" 
upon the earth from fright at so horrible adarkne^." In 184J 
(he birds in the trees near Lodi suddenly ceased singing at tJ 
moment when the total obscuradon came on ; but U. Fiol 
says lie did not notice that any of them fi^ll, though he w 
tioaed under oue of the trees at the lime. M. Arago relates a 
iustance where three linnets were placed in a cage outeide 
window early on the morning of the eclipse, and on eiaraioM 
tion, alter the phenomenon, one of the three was found to b 
dead, having probably killed itself by striking against the h 
of the cage in a moment of terror. At Milan the bees quitlo 
their bivea in great numbers soon after sun-rise, but reluraai 
to them in haste immediately the last rays of the Sun had v: 

The last total eclipae of the Sun, on the 2eth of July, 185^ 
was observed under very favorable circumstances by many En 
lish astronomers in Norway and Sweden. The author obeerw 
near the town of Engelholm, about eighteen miles from Hdl 
singborg, on the Sound, where the eclipse was total for aboil 
Ira. 40s. The moment the Sun went out, the corona appeared! 
it was not very bright, but this might arise from the int 
ence of an estremety light cloud of the cirrus class, which o 
spread the Sun at the time. The corona was of the color c^ 
tarnished silver, and its light seen[ied to fluctuate considerablj 
though without any appearance of revolving. Raya of Jighl 
the aigretlet, diverged from the Moon's Umb iu every direcUoo 
and appeared to be shining through the light of the c 
In the telescope many rose-colored flames were noticed ; 
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are reraai'kable than the rest on the western limb, could 
be distinguiiibed without an; telescopic aid ; it was curved oeai' 
its extremity, and continued in vieiv/owr seconds after the Sun 
had disapptared, i.e., after the extinction of Baily'a heads, which 
phenotnena were very conspicuous in this eclipse, particularly 
before the commencement of the totality. In tJiis case they 
■were clearly to be atti-ibuted to the existence of many moun- 
tains and vallejse along the Moon's edge, the Sun's light shin- 
ing through the valley and between the mountain ridges, so as 
to produce the appearance of luminous drops or beads, which 
continued visible soms seconds. The color of the " ilames" was 
a full roae-red at the borders, gradually fading off towards the 
oentres to a very pale pink. Along the southern limb of the 
Uoon, for forty degrees or upwards, there was a constant suc- 
cewion of very minute rose-colored prominences, which appeared 
to be in a state of undulation, thongh without undergoing any 
material change of tbrm. An extremely Gne line, of a deep vio- 
let color, separated these prominecces from the dark limb of the 
Moon. The surface of our satellite during the total eclipse, 
TfM purplish in the telescope ; to the naked eye it was by no 
means very dark, but seemed to be faintly illuminated by a 
putplish-gray light of uniform intensity on every part of the 
MirfJEtce. 

The aspect of nature during the total eclipse, was grand 
Lbejond description. A diminution of light over the Earth 
pereeptjble a quarter of an hour after the beginning of the 
eclipse, and abovit ten minutes before the extinction of the Sun 
the gloom increased very perceptibly. The distant hills looked 
dull and misty, and the sea assumed a dusky appearance, like 
that it presents during rain. The day-light that remained had 
a yellowish tinge, and the azure blue of the sky deepened to a 
piuplisb-violet hue, particularly towards the narth. But, not- 
withstanding these gradual clian|;:e.'i, the observer could hardly 



100 rH£ SOLAR SYSTEM. 

be prepared for the wonderful spectacle that presented ilaelf 
when he withdrew his eye from the telescope, after the totality' 
had come on, to gaze around him for a few seconds. Th« 
southern heavens were then, of a uniform purple-gray color, thfl 
only indication of the Sun's pa'iition being the luminous coronEi^ 
the light of which contrasted strikingly with that of the sur- 
rounding sky. In the zenith, and north of it, the heavens 
were of a puiplish-violet, and appeared very near, while ii 
north-west and north-east broad hands of yellowisli-crimaoB-. 
light, iDtensely bright, produced an effect which no person who 
witnessed it can ever forget. The crimson appeared to run 
over large portions of the aliy in these directions irraspecUn 
of the clouds. At higher altitudes the predominant color was 
purple. All nature seemed to be overshadowed by an nit' 
natural gloom, the distant hills were hardly visible ; the aea 
turned lurid red, and persotis standing near the observer h 
a pale livid look, calculated to produce the most painful sensa- 
tions. The darkness, if it can he so termed, had no resem- 
blance to that of night. At various places within the shadow, 
the planets Venus, Mercury, and Mars, and the brighter sImb 
of the first magnitude, were plainly seen during the total 
eclipse. Venus was distinctly visible at Copenhagen, thongli 
the eclipse was only partial in that city ; and at Dantzic she 
continued in view tea minutes after the Sun had reappe&tod. 
Animals were frequently much affected. At Engelholm a cal£| 
which commenced lowing violently as the gloom iJeepenedyi 
and lay down before the totality had commenced, went on feedr<i 
iiig quietly enough very soon after the retui'n of daylight,^ 
Cocks crowed at Helsingborg, though the Sun was only hidtlaO' 
there thirty seconds, and the birds sought their resting-plac«t/ 
as if night had come on. 

One of the most iamoua eclipses of the Sun recorded ia 
history, is that wluch put an end to the war between CyaxerO; 
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King of the Medea, and Halyattes, King of the Lydians, de- 
Bcribed by Herodotua, and Baiil to have been predicted by 
Tholes, of Miletus, the celebrated philosopher. The contead- 
ing fumiea were so alarmed at the siiddeo change of daylight 
into total darkness, that they threw down their arras and con- 
cluded a peace vpon the spiot. The precise time of this in- 
teresting event has long been disputed by chronologic ts, and 
tbe solar eclipses of b.c. 606, 5Q2, and particularly that of 
584, have been fixed upon as tbe phenomenon mentioned by 
Herodotus ; but since the improvement of the tables of the 
Bun and Moon during the earlier part of the preiient century, 
.teveral astronomers have occupied themselves in the inquiry ; 
and our countryman Mr. Baily, Professor J. Oltmanna, and 
VL Baint Martin, have pointed out an eclipse on September 
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that of August 3, b,o. 430, had its effect upon tPireatrial 
aShirs, and but for the intervention of Pericles, would have 
Berioualy interfered with tha expedition undertaken by the 
Athenian fleet ngainat the LacedBmoniaas. llie date answers 
to the second year of the eighty-seventh Olympiad, the first 
of the Peloponnesian war. Thucydides, who waa contem- 
porary, aaya the stars were sean in the middle of the day. Ai,-- 
cording to Plutarch, in his Life of Pericles, the commander of 
the vessel was greatly alarmed at the darkness, which took 
place as he was on the point of setting sail ; but the Athe- 
nian General was luckily able to explain the phenomenon, 
which he illustrated in a manner that seems to have allayed 
the fears of the captain, and so prevented the delay of hia 
expedition. 

The total eclipse, known as that of Agathocles, which oc- 
curred on the 15th of August, n.c. 309, was also investigated 
by Mr. Baily. In this case neither the date nor the locality 
were open to much uncertainty, and the phenomenon conse- 
quently appeared to him to aff^jrd a favorable opportunity for 
checking the solar and lunar tables, instead of using them as 
the means of settling the data and limits of the eclipse. Dio- 
dorus Siculus saya the stars were seen, so that no doubt can 
eaist as to the lotaliti/ of the Echpae ; but Mr, Baily found an 
irreconcilable difference between tha tables and tbe historical 
statement, a space of about 1 80 geographical miles appearing 
between the most southerly position that we can assign to the 
fleet of Agathocles, and the limit of the total phase. To 
obviate this discordance, it is only necessary to suppose an 
error of about three minutes of arc in tha computed distance 
of the centres of Sun and Moon at conjunction, a. very incon- 
siderable correction for a date anterior to the epoch of the 
(abJes by more than twenty-one centuries. 




In coBBequenca of the ecliptic limits of the Sun exceeding 
tlioee of iJie Moon, tliere are more eclipses of the former lumi- 
nary tban of the latter, but owing to the comparatively small 
tract of the Earth's surface to which a aolar eclipse is viaible, 
the eclipses of the Moon are more frequently seen at any par- 
ticular place than those of the Sun. In point of interest and 
astronomical importance, however, they fall very far short, 

EclipBcs of the Moon are either partial or total. The mag- 
nitude, if partial, and the continnance of ohacuration, if total, 
depend upon tlie direction of her transit through the Earth's 
shadow, which is sufBciently broad at the distance of the Moon 
to allow of her being hidden by it on^ hour and fifty ininntea, 
when a central passage through it takes place. 

Tha shadow of the Earth consists of a dark cone, sur- 
rounded by a lighter shade, termed the penumbra, which arises 
from a portion only of the Sun's raj-s being obscured. At that 
part of the conical shadow where the Moon traverses it, the 
diameter is between three and fonr times greater than her 
mean distance from the Earth, or, roughJy speaking, 800,000 
miiea. An eclipse may continue as long as five and a half 
hours, reckoning from the first to last penumbra! contact. 

It ia not possible to ascertain, with any degree of accuracy, 
the time when the Moon first enters into the penumbra, for the 
darkening efiect upon her disc is so slight that it requires some 
minutes to elapse before sufficient shade is produced to attract 
attention. Neither does the moment of contact with the dark 
shadow admit of esact observation, and hence lunar eclipses are 
not of so much astronomical importance aa eclipses of the Smi, 
as lliey afibrd but very imperfect determmations for differences 
of longitude. 

When the Moon is totally immeraed in the shadow, she 



do(s not, (!xce]it un some mm occasions, become invisible, but 
assumes .1 dull, reddish hue, somewhat of the color of tarnished 
copper. This arises from the refraction of the Sun's rays in 
passing through the Elarlh's atmosphere. During the eclipse 
of July 23, 1823, M. Gamhart stales he could distinctly see aH 
the lunar spots, the general sur&ce being of & deep red color. 
In that of September II, 1802, Schriiter remarked that the 
Earth's shadow was very briiflit (se/ir kelle), and of a light gray 
color ; the penumbra was not perceptible. Sir John Hei'schel 
observed the eclipse of December 2G, 1833, during hia voyi^ 
to the Cape of Good Hope, ia latitude 26" 30' south; the 
Moon continued conspicuously visible to the naked eye, while 
totally immersed in the Earth's shadow, and of a swarthy cop- 
per color, which changed to bluish green at the edges as tho 
eclipse passed oif. Sir J. Herschel thinks this remarkable phe- 
nomenon arose from the "accidental absence of clouds over a 
large portion of tliat annulus of the Eartii's atmosphere grazed 
by the Sun's rays at the time." The total lunar eclipse of 
March 8th, 1848, w.is characterized by similar phenomena. 
The spot* upon the sui-face were distinctly seen by many ob- 
Hervera, even at the middle of the eclipse, and the general color 
of the Moon was a full, "globing" red. Her appearance was 
so singular that many persona doubted her being eclipsed at all, 
Perhaps it may be worthy of remark, in connection with these 
facta, that the avrora borealis was seen in vivid strearaera in 
various parts of England, Ireland, and the Continent. 

Instances of an analogous kind might be easily multiplied; 
but the few we have mentioned will be sufficient to warn the 
reader of what he may expect to witness in a lunar eclipse. 

The earliest observations of lunar eclipses on I'ecord data in 
the year "119 and 720 B.C., reckoning according to the manner 
of astronomers, and were taken at Babylon by the Chaldeans in 
thg reign of Mardokempadius. Ptolemy has preserved theee 
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ancient observations in his Almagest. The first of threo eclipses 
took place in the twenty -seventh jear of the era of Nabonaasar, 
the first of the reign of MardokempadiuB, on the 29tli of the 
Egyptian month Tkoth, answering to the 19th of March, b.o. 
720, in our mode of reckoning. Tlieechpse commenced about 
bh hoar after the rising of the moon, the greatest phase about 
fih. 30ra. befoi'e midnight. It appears to have been total at 

' Babylon. The second eclipse is dated in the twenty-eighth year 

I of . Nabouassar's era, on the night between the 18th and 19th 
of the month Thoth, at midnight, or on the 8th of March, b.c. 

' 119 ; this was a p.irtial eclipse. The third took place in the- 
Bane year, on the 15th of the month Phamenolh, correspond- 

I ing to September 1st, b.c. 719 of our era. It began soon after 

I tbe mooD rose at Babylon, and continued three hours ; the raag- 
ras six digits on the northern limb, According to Ptolemy. 

' ^ree other ancient echpses fix the commencement of the im- 
portant era of Nabonassar in the year b.c. 746, and have like- 
wise indicated the existence of an acceleration in the mean mo- 
tioQ of the Moon, which was first detected by our countryman 
Dr. Halley. 

An eclipse in the nineteenth year of the Pfleponnesian war, 
the fourth of the ninety-first Olympiad, produced very disas- 
trous consequences to the Athenian army, through the igno- 
mce of their general, Nieias. It is mentioned by Thucydides, 

BTlutarch, and others, and took place on the 57th of August, 
^0. 412, being total at Syracuse, according to calculation upon 
modem tables. 

The lunar eclipse of March 1, 1504, proved of great servioe 
no Columbus, when his fleet waa reduced to extremities for 

pwant of supplies. The islanders of Jamaica having refused to 
supply him, he threatened them with a deprivation of the 

\ Ifoon's light, as a punishment for their obstinacy. His threat 
IS treated at first with indifference ; but when the eclijne ac- 
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tually commenced, the barbarians vied with each other in the 
production of the necessary supplies for the Spanish fleet. 
Baron de Zach has satisfactorily shown that this eclipse must 
have occurred on the above date. It was observed at Ulm, in 
Germany, by Stofl3er, and at Nuremberg by Bernard Walther, 
and began about six o^clock in the evening, at Jamaica, which 
perfectly accords with the words of Columbus in describing the 
phenomenon. 



CHAPTER Vn. 



THE SUPERIOR PLANETS- 



MAES, 



XTTE now arrive at tlio planet Mars, which, in several respects, 
■ ' has a closer analogy to our own glohe than obtains in the 
other members of the solar system. He usually shinea with a 
fall, red or fiery light, and, when in opposition and perihelion, 
18 ft very oonapicuona object in the midnight sky. 

The moan distance of this planet from the Sun is 145,205,-000 
miles, but in consequence of t!ie eccentricity of its orbit, the dis- 
tance varies between 131,656,000 miles, when the longitude is 
about 332-4°, and 158,754,000 milea, when its heliocentric 
position is about 162-4% so thstthedifterence between the peri- 
helion aud aphelion distances amounU to 27,098,000 miles. 
The sidereal period of Mars is 686d. 23h. 30m. 41s., and the 
mean synodic period, or interval between two oppositions, is 
779d, 23h., or rather more than two of our years. 

The apparent diamel^jr of the planet varies considerably. 
About the time of conjunction it is little more than four seconds 
of arc, while in opposition and perihelion it may attain more than 
thirty seconds. The real diameter is probably not less than 
4600 miles. 

The phase of Mars does not undergo such great alteration 
fts we have observed in the inferior planets. About the oppo- 
sition, he appears perfectly round, while, as he recedes from 
it point, his illuminated disc gradually diminishes until he ar- 



I 

I 



lOS THE SOLAR SYSTEM. 

rives at quatlraturo, when the form resemblea that of our Moon 
a day or two before the last quarter, bo that the planet is gen- 
erally seen gibbous, but never less than a semicircle, which is a 
sufficient proof that, receiving its light from the Sun, the orbit 
must be exterior to our o»sn. The phases of Mara were dis- 
covered by Galileo soon afler the telescope was invented. 

When viewed under proper optical power, the surface of this 
planet presents outlines of continents, and seas similar to those 
on the Earth, and usuallj, white spots are discernible near the 
poles, which, from their all^mate diminution and increase, as 
the Sun possesses greater or lesa power on the surface, are con- 
jectured to be masses of snow. The color of the continents is a 
dull red, that of the seas gi'eeniah, as, by contrast with the for- 
mer, they should he. It is this prevailiog color of the land 
which gives the planet that ruddy light by which it is at all 
times readily distinguished from the other members of the sys- 
tem, and from the fised stars. By observing the spots upon the 
surface, the time of the axial rotation of Mars has been deter^ 
mined. The elder Cassini made it 24h. 40ni., a very near ap- 
prosimation to the truth. Sir W. Herschel paid great attention 
to hia observations of this planet, and fised the time of revolu- 
tion at 24h. 39m. 21'67s., mean solar time, remarking that he 
did not consider this determination liable to a greater error than 
2-343. Professor Madler, however, from observations between 
1830 and 1834, infers the time of rotation to be 24h. 37m. 20s., 
or two minutes 1ms than it is given by Sir W. Herschel. In 
1781-3, the latter astj'onomer measured the positions of the 
bright polar spots on Mars, with the view of ascertaining the 
obUi^uity of his ecliptic, or the angular inclination of his equatoT 
to the plane of the orbit. He found these spots were not ex- 
actly at the poles, but that the circles of their motions were 
situated at latitudes 75' or 80^, the luminosity extending oc- 
casionally ns fur south as the sixty-fifth parallel on Mars. By a 
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great number of observations. Sir "W. Hersthel found that the 
aiis of Mars is indined to his orbit at nn angle of 61^ 18', or 
69^ 42' to our ecliptic, the north pole being directed to longitude 
347° 47'. The obliquity on the globe of Mars ia therefore 28° 
42', M> that his seasons are possibly not very different from our 
own. 

A very extensive atmoEphcre has been thought to surround 
the planet ; and to this dense envelope has been attributed the 
ruddy appearance he presents to the naked eye ; but recent ob- 
servations, and particularly those of Sir James South, go far to 
disprove its existence. The attention of astronomers had been 
closely directed to this subject after the announcement of an 
observation by Caaaini in 1672, He affirmed that in the montlj 
of October he saw the star called V in Aqnarius become so 
faint, when six minutes distant from the planet's disc, that it 
could not be discerned in a three-feet telescope. This star is 
of the fitlh magnitude, and consequently visible to the naked 
eye. In alluding to this observation, Sir W. Herschel gave one 
of his own, which tended to show that the atmosphere of the 
planet, though moderately dense, could not be so extensive as 
Cassini had inferred, since he coidd trace a very small star (of 
the thirteenth or fourteenth magnitude) within a very short 
distance from the planet's limb. 

Astronomers have not yet succeeded in discovering a satellite 
to this planet, although some of the most perft^ct telescopes have 
been brought to bear upon it. Being situated at a greater dis- 
tance from the Sun than our globe, we might imapne it would 
stand more in need of an attendant to illuminate its otherwise 
dark nights, and regulate the tides upon its oceans. If ono 
exist it is possibly very small and close to the planet, which 
would account for its having so long escaped detection. 

In the absence of a satellite to afford us a more exact I'alue, 

can only be said to have opproximaled to the mass of the 
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planet. The French calculator, Burokhardt, assigns 1-2680337, 
wliieh is adopted by astronomers at tbe present day, and indi- 
cates that the mass of our neighbor is seven timea less than that 
of the Earth. 

Dr. Maakelyne, formerly Astronomer Royal, examined this 
planet with the view of ascertaining whether there ia any sensi- 
ble difference between the equatorial and polar diameter ; hut 
could perceive none. Sir W, Herstliel considered the ratio of 
•the equatorial to the polar diameter as 16 to 15 ; but an esten- 
sive series of observations, recently taken with the best instru- 
ments to be found in observatories, gives the compression much 
less, or the ratio of the diameter as 51 to 50, which is probably 
nearer the truth. It is only at the oppositions, or about once 
in two years, that we see the disc of Mars fully illuminated, 
consequently, the proper times for determining the difference of 
diameter, or for any observations upon the appearance of the 
surface, are not of very frequent occurrence. 

A method of determining the amount of the solarparallax 
from observations of Mara at places differing greatly in latitude 
has been put in practice by several astronomers ; though not 
very successfully. It is with a view to the application of this 
method that observers are famished in the Nautical Almanac 
with a list of stars lying near the path of the planet about the 
times of opposition. The differences of declination between 
the stars and planet arc to be repeatedly measured on the same 
night at tbe various stations, either with a micrometer or on 
the divided circle of an equatorial instrument Suppose one 
of the observations in the northern and another in the southern 
hemisphere. The differences of declination measured at the 
two places and reduced accurately to the same moment after 
correction for refraction, will exhibit a discordance, which, sup- 
posing the observations exact, must be equal to the sum of the 
parallaxes of the planet at the two stations. Hence, knowing 



the geocentric latitudes, we ensily ascertain the amount of the 
horizontal parallax of Mars. But as we also know the relative 
dietances of the Sun and planet froni the Earth at the time, a 
vary simple proportion gives us the value of the solar parallax. 
Caasini, from observations of a similar kind, found it lO'l''; 
La Caille, 10'2" ; and Da Sejour, S-47". 

The moat ancient observation of Mars that has come to our 
knowledge is one reported by Ptolemy in hia Almagest, Book 
31., Chap. 0. It is dated in the fifty-second year after the death 
of Alexander the Great, and four hundred and seventy-sixth of 
Nabonasaar's era, on the morning of the 21st of the month 
Alkir, when the planet was above, but very near, the star ^ in 
Scorpio. The date answers to b.c. 272, January 17, at 18h. 
on the meridian of Alexandria. 

An oceultation of the planet Jupiter by Mars is recorded, 
on the 9th of January, 1591. Such a phenomenon would be 
extremely interesting, if viewed with the ppwerful telescopes bo 
common at the present day. 

The tables employed in predicting the geocentric places of 
Mat« were published at Eisenberg in 1811 by the Baron Von 
Ijndenau, and are chiefly dependent upon observations taken 
at our Royal Observatory. They are capable of correction, 
though sufficiently exact for most practical purposes ; the error 
in longitude in 1847 exceeded half a minute of arc. It is 
undeiHtood that new tables of the movements of this planet, 
founded on the Greenwich observatjons, are in course of prep- 
aration by the computers employed upon the American Nau- 
tical Almanac, a work which has recently been commenced 
under the auspices of the Government of the United States. 
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BETWEEN the orbit of Mars and that of the next of the older 
placets (Jupiter), there occurs an iuterval of no less than 
350 millions of miles, in which no planet was known to exist 
before the com in en cement of the present centurj'. Three hun- 
dred jenrs ago Kepler had pointed out something like a regular 
progression in the distances of the planets as far as Mare, \vhich 
was broken in the case of Jupiter, and he is said to have sus- 
pected the existence of another planet in the great space sepa- 
rating these two bodies. The question attracted little further 
attention until Uranus was brought to light by Sir William 
Herschel in l'78],when several German astronomers revived 
the opinion held by Kepler, and, guided by an empirical law 
of distances published by Professor Bode of Berlin, even ap- 
proximated to the period of the supposed latent body. Accord- 
ing to this law, the distance of a planet is about double that of 
the interior one, and half that of the one immediately exterior 
to it, and, roughly speaking, this rate of progression of the 
planetary distances is found to hold good with these exceptions. 
Mars is situated at a distance of about twice that of the Earth, 
but very much less than half that of Jupiter ; and again, Jupi~ 
tcr is located at half the distance of the exterior planet Saturn, 
but considerably more than twice that of Mars. If, therefore, 
another planet existed between the orbits of Mars and Jupiter, 
I Bode's kw, iastcad of being interrupted at 
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this point, might perhaps be found to hold good as fur os Ura' 
nus, and for tliis reason un Hssociation of astronomers was 
formed under the auspices of the Baron de Zach of Gotha, and 
a regular plan of search was devised, nilh a view to the dis- 
covery of the planet, which was put in practice about the end 
of the last century. The reaulL of this systematic examination 
of the heavens will presently appear. 



Professor Guiseppe Piazzi, the celebrated Director rf the 
Observatory at Palermo, repeatedly sought for a star numbered 
in Wollaston's catalogue, Mayer 87, but, finding none in the 
position there assigned, he observed all the stars of similar 
brightness in the vicinity. On the 1st of January, 1801, or 
about the time when the search for the supposed latent body 
was begun, ho ileterinined the place of an object shining as a 
star of the eighth magnitude, not far from the position of the 
missing one. On the following night the place wss sensibly 
altered, the instrument employed by Piazzi showing a retro- 
grade movement in right ascension with a nortljerjy one in dec- 
lination. It does not appear that any notice of this discovery 
was given until the 24tb, when letters were despatched to sev- 
eral astronomers, in which Piazzi states that he had detected a 
co»is(in 51° 47' of right ascension and 16'' 8' north declination. 
Owing probably to delays of post, no observations were made 
at any observatory, except Pinzzi's, before the conjunction of 
the stranger with the Sun; but on the publication of the whole 
series of positions observed at PHlermo, the eminent matliemn- 
tieian and astronomer Professor Gauss of Gdttingen, undertook 
the determination of the orbit of Piazzi's star by methods 
which he had recently devised, and announced that it revolved 
round the Sun in about 1652 dajs, at a mean distance of 2-735, 
— that of the Earth being called 1. This distmoe agreeing so 
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closely with tbat indicated on Bode's law for the planet supposed 
to exist between Mars and Jupifer, astronomers were very soon 
induced to regard Piazzi'a " comet" aa in reality a new primary 
planet, fulfilling, in a rernarkable manner, the conditions in re- 
spect to distance from the Sun, which had been found to hold 
good for the other membera of the planetary system. 

Fiazzi named hia planet Ceres Ferdinandea.^ in honor of hia 
patron the King of Naples; but the /"errfinanrfca has been 
dropped by common consent, and the planet is now known aa 
Ceres.* The very neat and significant symbol ! waa adopted 
by astronomers, on the suggestion of the Baron da Zach. 

The detection of Ceres, on her reappearance after conjunc- 
Uon with the Sun, was a matter involving some little difBculty, 
and one that occupied the attention of the principal obsetrers 
on the continent Bodo mapped down all the stara of his great 
catalogue lying near the expected path of the planet, according 
to the calculations of Professor Ganss, andin the morning hours 
of October, November, and December, 1801, ho sought for it 
with his 3i feet telescope by DoIIond. Dr. Olbere at Bremen, 
and Baron de Zach at Gotha, were similarly engaged. On the 
night of December 7, n suspicious object was remarked by the 
latter astronomer near the computed place, but he waa not able 

* Laplace, writing to Baron de Zach in 1S02, states that he hod 
mentioned the diacovery of the Bicilian astronomur to Bonaparte, 
" who, in the midst of hia great ocuupstioua, took a lively interest in 
the progrcaa of the sciences, and particularly of astronomy." Boni- 
patto thought Junn mas a preferable name to Cores, and Laplace says 
liu held the same opinion, since it appears natural to place Juan near 
Jupitur. He adda tbaC a Latin name was better than a Greek one, Ihe 
Qerman astroaomera having already auggcated Qera ('l\pa), the Greek 
name of Juno, for Piazzi's planet. On this subject tbe discoverer ob- 
serves — " J' espere queles astronomes qni sont gens paiaiblearQO COD- 
seateront jamais k appcllcr lenr divinites du nom d'une d^esc A inqut 
^le, Jalcnse et vendicalive comma Junon." 
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to deddo whether he had really Bcen the planet until the Slst 
of that month, when he had the aatisfaction of observing it agmn, 
and finding no star in the position noted on the Ttli, Dr. Olbere 
found it on the Ist of January, 1802, and, on the 13th of 
February, it was seen at our Royal Observatory by Dr. Maske- 
lyne. The calculationa of Frafessor Gausi miunly contributed 
to the re-discovery, and, in fact, he has been considered by some 
astronomers as the second discoverer of the planet, which they 
imagine would have been lost but for the manner in which the 
future course was predicted by the profound mathematician of 
Gottingen. Professor Bode says a friend of his could discern 
the planet without a telescope in March, 1802, when its bright- 
ness waa about equal to that of a star of the seventh magni- 
tude ; but generally Ceres is just beyond unassisted vision, and 
would be more properly termed an eighth magnitude. 

The minuteness of the planet hne prevented any exact de- 
termination of the real diameter. Schroter thought it exceeded 
1600 miles, while Sir W. Herschere measures gave only 163 
miles, and this last measure is certainly much nearer the truth 
than the former. Observers have remarlied a hazine^ sur- 
rounding the planet, which is attributed to the density and ex- 
tent of its atmosphere. The light is very slightly tinged with 
red. The mean distance from the Sun in 1850,18 263,713,000 
miles, and the length of a sidereal revolution 46033 years. 



In order to find Ceres the more readily, Dr. Olbers exam- 
ined particularly the configurations of the small stars lying 
near her path. On the 28th of March, 1802, after observing 
the planet, he swept over the north wing of Virgo with an in- 
strument termed a " Cometen Sucher," and was astonished to 
find a star of the seventh magnitude forming an equilateral 
triangle with 20 and 191 of Bode's Catalogue, where he waa 
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certain no star was visible in January nnd February preceding. 
In tbe course of less tlian ihree hours he found tbe right as- 
cension had diminished and the north dedination increased. 
On tie 'following evening, as soon as twilight permitted, he 
looked again for his star : it no longer formed an equilateral 
triangle with the etars above mentioned, but had moved cou- 
aiderably in the direction indicated by the previous night's ob- 
aervationa. On the 30th, after again observing tbe planet, Dr. 
Olbers wrote to Bode at Berlin, and to Baron de Zach, giving 
an account of his discovery. " What a singular accident," be 
exclaims, " was it by which I found this stranger in the same 
place, or only about tWenty-sijt minutes (of space) nortb of the 
position where I had observed Ceres on the 1st of January." 
It was truly a fortunate circumstance. In the letter to Pro- 
fessor Bode, Ur. Olbers suggested Pallas as a name for a new 
member of tbe system. The eSemenU of tbe orbit were quickly 
determined by Professor Gauss, who found tbe moat remarka- 
ble peculiarity consistfld in the gi'eat inclination of its plane to 
the ecliptic, owing to which tbe planet passed far beyond the 
limits of the ancient zodiac. The orbit was found to be an 
ellipse of not much greater eccentricity than that of Mercury, 
with a mean distance nearly the same as in the case of Ceres, Dr. 
Olbers pointed out that the orbits of the newly-discovered planets 
approached very near each other at the descending node of 
Pallas, a circumstance which induced his remarkable conjecture 
as to the common origin of these bodies. He thought amucL 
larger planet had, in remote antiquity, existed near tbe mean 
distanco of Ceres and Fallas, nnd that, by some tremendous 
catastrophe, thb body had been shivered in pieces, — the two 
small planets being amongst the fragments. At tbe time this 
hypothesis was started it was certainly a bold one, but we shall 
presently see it is materially strenglLened by the discoveries of 
later years. 
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WLen nearest to tlie Earlh in opposition, Pallas shines as 
full seventh magnitude, with a fine yellowish light, ns we 
can testify from observations under very fevorable circum- 
atancea in March, 1848. Some astronomers have noticed a 
hadness round the planet, but not so strongly marked as with 
Ceres : this appearance is considered due to extensive atmos- 
phere. Sir W. Herschel thought the diameter of Pallas a little 
over seventy-five miles, while Schrijter made it 770 at least. 
"Xheae discordances prove the great difficulty and uncertainty 
of such observations. Dr. Lamont, from two nights' measures 
with the powerful telescope at the Royal Observatory, Munich, 
found the diameter C70 miles, which is p^ably a fair approi- 
imation to the truth. The menu distance of the planet from 
the Sun is 264,256,000 miles, and the time occupied in one 
sidereal revolution i'GllB years, or IC87 days. 



Professor Harding of Lilienthal occupied himself in the forma- 
tion of charts of small stars lying near the paths of Ceres and 
Pallas, with a view to assist the identification of these minute 
bodies. On the 1st of September, 1804, at ten o'clock in the 
evening, he noticed an object shining as n star of the eighth 
magnitude, near the stars 93 and 98 in Pisces, of Bode's great 

I oatalt^ue. The position was in right ascension 2" 24' and 

I north declination 0° 37'. On the evening of the 4th he re- 
led tlje neighborhood, and soon discovered that the star 

[ had altered ita place. The right ascension had diminished, and 
the declination was now south. On the 5th and 6th he observed 

I it mora accurately, and finding that the positions deduced irom 
the observations confirmed the retrograde motion indicated by 
the estimations on September lat and 4th, he announced the 
discovery to Dr, Olbera, at Bremen, on the 7tij, who saw it the 
I evening. Professor Harding named his planet Jitno, 
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and chose for a symbol ^, representing a sceptre crowned by a 

Juno usually appears Lke a star of tbe eighth magnitude, 
of a somewhat ruddy color. Her period of revolution round 
the Sun is 4'35S'l yrs., and her synodic period about 474 days. 
The mean distance from the Sun is 234,312,000 miles. This 
planet was detected with a telescope of about thirty inches focal 
length, and two iaches aperture, which would not show the belts 
of Jupiter, as the author has 'been assured by Sir James South, 
who saw the instrument at GoLtingen. 



Dr. Olbera, following up his idea respecting the origin of the 
zone of planets, considered, from tbe mutual int«rsection of the 
orbiU cf the three already found in Virgo and Cetus, and the 
eiploMon must have taken place in one or other of those re- 
^ona, and consequently all fragments should pass through 
them. Provided with an ordinary night-glass, he examined 
every month the small stars iu Virgo and Cetus, whichever 
constellation was nearest the opposition. On the evening of 
the 29th March, 180T, soon after eight o^clock, while occupied 
in sweeping over the north wing of Virgo, as a part of his 
plan he discovered an object shining like a star of the sixth or 
seventh magnitude, west of Flarosteed's 20 Vii^nis, which he 
knew at once to be a planet, inasmuch as tbe previous exami- 
nation of the vicinity had indicated no star in the position of 
the stranger. He satisfied himself that it was really in motion 
on the same evening, and continuing bis observations until the 
2d of April, he obtained sufiicieutevidence to justify the public 
announcement of his discovery of another new planet. Accord- 
ingly, on tie following day, he wrote to Professor Bode ut 
Berlin, the editor of tha Astronomtseke Jahrbueh,aadiu3ai<ai 
de Zach of Gotha, who conducted a most valuable periodicfti, 
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entitled Monatliehe Corretpvndem. In his letter to Berlin, 
Dr. Olbers particularly mentioDS that his second discovery iras 
not the result of accident, but of a systematic search forabody 
of this nature, guided by considerations ab-eady noticed. lie 
adds, he should certainly have found the planet a fortnight ear- 
lier if moonlight and unikvorable weather had not interfered 
with his observations, and remarks in conclusion, that neither 
Schroter and Bessel, with tbirteen-feet and fifteen-feet reflecting 
telescopes, nor he himself, with an excellent achromatic by Dol- 
lond, could perceive any difterence in appearance between this 
planet and a Sxed star; it sbone with a, somewbat reddish but 
yery bright light, without plaoetary disc, or any surrounding 
nebulosity. At the request of Dr. Olbers, Professor Gnusa 
undertook to name tlie planet, and decided upon VeHa, a name 
highly approved of by the discoverer. The symbol chosen is 
S,to represent an altar with the sacred £re burning upon it. 
Professor Hadler has carefully measured the diameter of Vesta 
with the famous telescope by Fraunhofer, erected at the Obser- 
vatory of Dorpat in Russia. A mean of several nights' measure 
makes the real diameter about 295 English miles. 

Yesta performs her revolution in Z-(i2Si yrs., at a mean 
distance of 225,000,000 of miles. Her orbit is little more ec- 
centrical than that of Ceres. Near her opposition to the Sun 
she appears tlic brightest of all the minor or ultra-zodiacal 
planets, and a person with good sight may often distingnieh her 
without a telescope. The reddish tinge noticed by tlie astrono- 
mers at Lilienthal soon after the discovery of the planet is prob- 
ably due to some peculiarity in the specula of their instruments; 
but it is well known persona diSer widely in their appreciation 
of colors in the heavenly bodies. Some observers consider Vesta 
perfectly white; while the author has repeatedly examined her 
under various powers, and always received the impression of a 
pide yellowish cast in her light. 



Dr. Olbers continued his systematic esaminaticins of the 
small stars in Virgo and Cetus between the jears 1808 and 
1816, and was so closely on the watch for any moving body, 
that he considered it very improbable a planet could have 
passed throngh either of these regions in the interval without 
being detected. No further discovetj being made, the plan 
was reUnquished in I6I6. 



After Dr. Olbers had discontinued his search for planets, 
the subject appears to have attracted little attention until M. 
Eencke, an amateur astronomer, nt Driessen in Prussia, entered 
upon it with a zeal and diligence tiiat could hardly fail in pro- 
ducing some important resu.lt. For fifteen years it is under- 
stood this gentleman had occupied himself in a strict survey of 
the none of the heavens comprised within the charts published 
by the Royal Academy of Berlin, These charts contain all 
stars to the ninth magnitude inclusive, 15° on each aide of the 
eq^uator, and are complel* for about two thirds of the hour of 
right ascension. M. Hencko extended these maps by the inser- 
tion of smaller stam, and his immediate object being the discov- 
ery of a new planet, he prenously examined the conflguraUon 
of the stars, so that by obtaining a close acquaintance with cer- 
tain parts of the heavens he could readily detect any moving 
body on its passage through them. The 8th of December, 
1845, was destined to be the epoch of M. Hcncke'a first discov- 
ery. While eng^ed on the evening of that day in comparing 
Professor Knorro's map (Hour iv. of right ascension) with the 
heavens, he noticed what appeared to be a star of the ninth 
magnitude, between two others of the same brightness in 
Taurus, which had not been noted in his p^e^'io^s examinft- 
lions. Without waiting for any further observations, M. Henoke 
wrot« to Professors Encke and Schumacher, staling his reasona 
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supposing that he had detected a new planet. On the Hth 
December the aBtronomers of tbe Obaervatoiy at Berlin found 
tile strttuger in a position where no star appeared on Professor 
Enorre's excellent chart, and tbe motion was easily perceived 
the same evening. Inforniiition of the discovery reached this 
country in lettflta from Professor Schumacher on December 19, 
and the planet was observed on the 24th. M. Hencka having 
leqaeated the celebrated Prussian astronomer Encke to name his 
new planet, the Professor fixed upon Astrixa. The peiiod of 
revolution is found to be 1511 days, and the mean distance of 
the planet from the Sun 245,622,000 miles. 

Aatnea will not be eeen without a tolerably good telescope ; 
id, however powerful may be the instrumenUl means em- 
lyed, it is necessary to have a pretty exact knowledge of her 
position in respect to the neighboring stars, to guard against 
observing a wrong object. At the oppo^tion in 1847 she was 
not brighter than a star of the tenth magoitude, and no charts 
tbe heavens hitherto published cootaia stars of so faint a 
Two months after opposition she had diminished into a 
pelflh magnitude, and was therefore observable only in the 
powerful telescopes. Under the most fuvorable circum- 
stances, or when the planet comes into opposition and perihelion 
at the same time, it will but little exceed in brightness a star 
of the ninth class. 



Encouraged hy his success, M. Ilenclce continued his search 
for planetary bodies, extending and verifying the Berlin Aca- 
demical chails, and hy frequent comjiarison with the heavens 
acquiring an extensive knowledge of the configurations of the 
smaller stars iii certain regions about the equator and ecliptic. 
On tbe evening of the 1st of July, 1847, he noticed an object 
. star, a little less bright than tlie ninth magnitude. 
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whicli was not marked on Dr. Bremikcr'a chart for the aevtoH 
leenth hour of right ascsns ion, nor observed in M. Hencke'a pi^ 
vious search about the neighborhood. At midnight, on Ju^ 
3, it had retrograded in right ascension, leaving no doubt of iti 
planetai'y nature, and showing by the direction and amount d 
its motion that it formed another member of the ullra-zodiaoil 
group. Information of the discovery was cii'culated 1 
Hencke on the following day, and the planet was soon recog^ 
nized at the principal obeervatones of Europe. The illuatrioW 
mathematician and astronomer, Professor Gauss, was deputed 
by the discoverer to select a name for the stranger, a 
soon known as the planet Mebe, with a cup for the symbol, em* 
blematic of the ofGco of the goddess in mythology. There ii 
decidedly a ruddy tinge about this planet from which AstnM 
is free. The mean distance from the Sun is about231,089,00^ 
miles, and the time occupied in one sidereal revolution 3'778]t 
years. The orbit is very eccentrical, and inclined i: 
14° to the plane of the ecliptic. 



The next two members of this remarkable group in ordCM 
of discovery were found by the author at the observatory erecttl 
by Mr. Bishop in the grounds of his private residence in ti 
Regent's Park, London, So early as April, 1845, a sea 
a planetary body was commenced, but in consequence o 
classes of observation, then more particularly followed up, I 
eiteasive or systemntJc plan of examination of the heavens wi 
attempted. In November, 1346, a rigorous search was un 
taken, the Berlin Academical charts beiog employed as & 
Ihey extend, while eclipticnl charts, including stars to the ti 
magnitude inclusive, were formed for otherparts of theheaveD 
where the ecliptic falls beyond the declination Umita (15" N.I 
15° 8.) of the Berlin maps. 
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On the evening of the 13li of August, 184V, after nine 
month's close obseiratioa on the above system, an object re- 
Bembling a stttr of the eighth magnitude was diecovered in the 
immediate i-icinity of 83 Ssgittarii, wliich had not been noticed 
at any former time. Its planetary nature being immediately 
suspected it wtia attentively observed, and in less than half an 
hour the motion in right ascension was detected. In the course 
an hour the planet had retrograded two seconds of time, a 
lent change of place to be indubitable. An announcement 
the discovery was given to astronomers generally on the fol- 
iwing morning, and observations were soon obtained at most 
of the European observatories. The name fi.ied upon for this 
new member of the solar system is Iris, whicli appears lo have 
taA with general approbation amongst astronomers. The sym- 
bol is due to Professor Schumacher, and is composed of a semi- 
circle representing the rainbow, with an interior star, and a base 
Kne for the horizon. As an attendant "upon Juno, the namo 
Vas not inappropriate nt the time of discovery, when Juno was 
#tiver^ng tlie ISth hour of right ascension, and was followed 
bylris in the 19th. 

Several observets have remarked decided variations in the 

light of this planet which arc not accounted for by chaiige of 

distance from the Earth and Sun, and which there b strong 

to suppose, in a great measure, independent of atmos- 

conditions. If Olber's hypothesis with regard to the 

in of this zone of planets be correct, these variations may 

ly be caused by axial rotation. 

M period of revolution of Iris is 3'6844 yra,, or 1S46 
and the corresponding mean distance from the Sun 
14,000 miles. No approximation to the diameter of the 
has yet been obtained. 



THE SOLAR SYSTEM. 



Continuing the plan of observation already described, the 
author noticed at 11 p.m. on the 18th of October, 1847, an ob- 
ject resembling a star of tho eight or ninth magnitude, which 
had not been previously visible in the position it then occupied. 
Its right asoensioQ was 5h, 3m. 39s., and ils north declination 
14° 4', it was therefore situate in tho constellation Orion, oron 
the borders of Orion and Taurus. Clouds covered the heavens 
soon afterwards, and precluded further obaervalion until about 
3 A.M. on the 19tb, when the micrometer speedily revealed a 
direct motion in riglit ascension of about two seconds of time 
in tho four hours elapsed since the discovery, and the declina- 
tioa bad also changed a littie, the object having slightly ap- 
proached the equator. The alteration of position was quite 
large enough to prove the nature of the stranger, and it waa 
annovinced to astronomers on the same morning as the ninth 
member of the group of small planets, not far from ils station- 
ary point. At the suggestion of Sir John Ilerschel, the new 
planet received the name Flora, and a flower, tho "Rose of 
England," was chosen as the symbol. The period of revolution 
is shorter than tliat of any other of her companion-planets, 
being about 1193 days only. Flora, therefore, comes after 
Mars in order of mean distance from the Sun, and approaches 
nearer to the Earth than the rest of the group to which site 
belongs. The semi-asis major of the orbit, or mean distance, is 
209,826,000 miles. The planet is soniowbat ruddy, but with- 
out any hazy appearance, such as might be supposed to ariaa 
from an extensive atmosphere. On more than one oocasion, 
when viewing it under high magnifying powers, ibe author 
has fancied he could i>crceive a measurable disc, but cannot 
place implicit confidence in the observation. At the lime of 
the opposition in 1847, the light of the planet was equal to that 
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' of a star of tlje eighth miignitnde. Flora anJ Iris were dis- 
covered with Bii equatorially-raounted nchromiitii: telescope, 
ha«ng an object glass of seven inchea aperture, and about 
eleven feat focal length ; the power employed being about 4fi. 



In the year 1648 another member of this interesting group 
was brought to light by Mr. Graham at the private observatory 
of Markree Castle, Ireland, under the direction of Mr. Cooper. 
Having formed a chart of the stars near the equator in the 
14th hour of right ascension, on a moro extended scale than 
that of the Berlin charts, he remarked on the 25th of April a. 
star of the tenth magnitude in a position where none had been 
Tioble before, and noted it down for re-examination. On the 
following evening this object was found to have retrograded 
one minute, thus leaving no doubt of its planetary nature. 
On the 2Tth the discovery was announced to several astrono- 
men in this country and on the Continent, and speedily be- 
came generally known through the ciroiilara issued by Professor 
aohnmacher. The position of tlie planet at the time it was 
first detected, was in right ascension I4h. 50m. 38s., and south 
declinaUon 12' 35', or in the zodiacal constellation Libra. 

The name selected for this planet is Metis, with an eye and 
star for a symbol, 

•We are indebted to Mr. Graham, the discoverer, and to 
Dr. Luther, of Berlin, for our knowledge of the form of the 
orbit Their calculations assign a periodic time of 1347 days, 
or 3'C86 years, the corresponding mean distance from the Sun 
being 227,387,000 miles. 

The planet is fainter than either of the two discovered in 
England in the previous year, and a good telescope will be re- 
■juired to show it well. 
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On the 12th of April, 1840, Dr. Anntbal de Gsaparis, 
Blatant astronomer at the Royal Observatory at Naples, w] 
comparing Steinlieil'a chart for hour xii. of right ascension with- 
the heavens, perceived a star of between the ninth and tenth 
magnitude in a position which ho had found vacant at previous 
examinations of this region. Unfavorable weather preventei 
his observing it on that evening, but on the 14th ho ascertnined 
that it had sensibly changed its place, and was, therefore, a new 
planet, the amount of its motion eliowing that it must belong' 
to the group of small planets between Mars and Jupiter. Thtf 
position on tlie 14th was in A. R. 182" 50' N. P. D. 9'7= 28' 
The discovery was announced to astronomers generally \if 
M. Fabri Scarpellini, Secretary of the Correspondema iSrieit- 
ti^ca at Rome, and Professor Schumacher as usual issued hia 
printed circular from Altona on the Ilth of May. Professor 
Capooci, Director of the Neapolitnn Obaervatoiy, named th* 
new planet " Igea Borbonica;" but it is universally termed 
Hyg^a, the unnecessary appendage " Borbonica" being dtapi 
ped, as was the case with the complimentary additions to tirf 
names of the planets of Piazzi and Olbers, 

The elements of Hygeia are not yet very exactly known. 
We are certain, however, that the mean distance is gre 
in the orbit of any other member of this group, the best caU 
culations making it about 300,322,000 miles, corresponding t^ 
a revolution in 5'594 yrs., or 2044 days. Between the 
distances of Flora and Hygeia, those of all the other 
planets are inchided. 

At no time since the discovery has Hygeia equalled ii 
brightness an ordinary ninth magnitude, consequently 
telescopes are required to observe her well. We know nothi 
at present respecting her diameter. 
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Ou the occnsion of the discovery of Hygeia, it appears Sir 

khn Herschel bad suggested that Parlkenope would be a very 

"■Ijipropriate name aa memorializing the sil* of the discovery ; 

tk^ nyroph having given her name to the city now called 

Naples. Signer de Gasparis states that ho used his utmost 

esertioiiB to realize for Sir John Rerachel a Farthenopo in the 

heavens, and his endeavors were orowned with success on the 

11th of May, 1850. On the evening of that day La found an 

^^ object shining hs a star of the ninth raagnitude in A, B. 230" 

Hl as', and N. P. D. 100" 3S', which he soon ascertained to bo 

^B ft new planet from its motion in right ascension. He gave im- 

^B .iMdtatA notice of his discovery, and before tlie end of the 

^^LjjnoDth the planet was observed at many of the European ob- 

^HnSBvatones. 

^P The elements of Farthenope have been calculated by several 
asttonomera, but it is not to be expected that we can know 
them with any degree of accuracy in so short a time after the 
fl»t detection of the planet The latest results indicate a mean 
. .stance of 233,311,000 miles, and a corresponding period of 
f IMOl days, or 3'838 yeare. 



.■ening of the 13tli of September, 1850, the au- 

Btarof the eighth magnitude in the constellation 

another smaller one frequently examined on 

1, without any mention being made of its 

Its pecuHar bhiish light satisfied him at onca 

a planetary nature, and the micrometer was introduced 

to ascertain the diffi?rence of right ascension hetween the two 

objects, and to obtain satisfactory proof of the discovery of n 

„MJf,plMiet, — ^(br the eleven lct)oTni members of the extra- 
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Kodiaca! group were all in different positions, according to cal- 
culation. In less than sn honr the brigLter star had moved 
westwiinJ nbont two seconds of time, so that no doubt could 
be entertained in respect to its nature and position in the Solar 
System ; this amount of retrograde motion in na hour bong 
Euch as n planet of the group between Mars and Jupiter would 
exhibit in the direction of the stranger. 

The name selected for the Uoelftk member ia Victoria, 
which we think is perfectly consutent with conventional usage 
amongst astronomers in reference to small planets ; the rule 
hitherto followed requiring a female name, taken either from 
the Greek or Roman Mythologies. The name has been readily 
accepted, as far as we are aware, by all the principal astrono- 
mers of Europe. The symbol ia a star eui'mounted by a laurel 
branch. 

The period of Victoria b 1302 days, and ber mean dis- 
tance from the Sun 222,373,000 miles, which places her be- 
tween Flora and Vesta, The orbit is more eccentrical than 
that of Flora, though less so than that of Iris. At her maxi- 
mum brilliancy she will be seen with very small optical power, 
resembling a bluish stjir of the eighth magnitudo; at oUier 
times, when her distimce from us is much greater, the light 
will hardly exceed that of a star of the eleventh class. 



The discovery of Victoria (which afforded the first instance 
on record of the detection of three plauels by the same ob- 
server), was quickly followed by that of another small planetary 
body by Dr. Annibal de Gasparis, at the Royal Observatoty, 
Naples. In this case, a star map was not the means of bring- 
ing to light the little wanderer, but its existence was indicated 
by a scries of observations io zones of declination, which the 
able and energetic astronomer had instituted for the ej^rreaa 
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purpooe of finding new planets. On tbe 2d of November, 
IBSO, Dr. Guspitris met willi the thirteenth membet of the 
extra-iodiacal group, in tha constellation Cetua, or in that 
KgioD of the hettvena which Olbers hud considered the moet 
convenient tiir his periodical examinations, Bince the nodes of 
Ceres, PallBS, &&, appeared to lie in that direction. This 
planet was much fainter than Victoria, and prohahly, in its 
most favorable position in respect to the earth, it will not excel 
in intensity of light a star of the ninth magnitude. 

M, Le Verrier, having been deputed by the discoverer to 
name hia prize, has proposed £geria, the councillor of Numa 
PompiliuB. The period of a sidereal revolution is 1505 days, 
and the mean distance from the Sun 244,940,000 miles. The 
orbit b more inclined to the plane of the ecliptic than that of 
any other planet, Pallas alone excepted ; its eccentricity is very 
nearly the same as in the orbit of Vesta. 



The next member of the group of small planets in the 
order of discovery was found by the author in the consteDation 
Bcorpio, on the 19th of May, 1851, and four days later by 
Dr. Gasparis, at Naples. It appeared like a star of between 
the ^gbth and ninth magnitudes, with a full blue light, and 
seemed to be surrounded by a faint nebulous envelope or at- 
mosphere, which could not be perceived about stars of similar 
Imghtness. The nature of this object was satisfactorily estab- 
lished within half an hour from the first glimpse of it on the 
19th of May ; repeated examinations of the vicinity on previous 
occasions, having indicated no star in the position of the 
stranger. At the recommendation of Sir John Herachel the 
new pljinet was named Irene, in allusion to the peace prevail- 
ing at the time in Europe ; th* symbol proposed bemg a dove 

with an olive branch and star on head. 

6* 
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The discovery of this plnnet la too recent to allow of any 
exact knowledge of itn path in space, but the moat trustworthy 
cslculationa hitherto published assign it a mean distance of 
246,070,000 miles, and a corresponding period of revolution of 
4' 15 years. 



On the night of July 29, 1851, another siiiall planet was 
discovered by Dr. Gssparis at Naples, in hour xviti. of right as- 
cension, a little below the ecliptic. It shone as a fine star of 
the ninth magnitude ; but owing to its low situation in the 
heavens, was not so generally observed during its first appari- 
tion as some of the other newly-found bodies. t)r. Oasparis 
named his planet Eunomia, who, in classical mythology, was 
one of the Seasons, a sister of Irene. 

The period of Eunomia is 1574 dap, or 4-308 years, and 
her mean distance from the Sun is about 252,300,000. 

We have already alluded to the near approximation of the 
orbits of the small pinnets at the points of mutual intersection, 
» circumstance which induced Olbers and many other astrono- 
mers to consider these bodies as the fragments of a large planet 
formerly revolving at about the same mean distance from the 
Sun, which had been shivered into pieces by some great inter- 
nal explosion or an external shock. The idea of the German 
astronomer has been so strongly countenanced by the discov- 
eries of the last five years, that we cannot feirly reject it until 
another theory has been advanced which would account equally 
well for the peculiarities observed in this sons of planets, bow- 
ever unwilling we may be to admit the possibility of such tru- 
mendous catastrophes, and notwithstanding the great difference 
in the mean distances of Flora and Hygeia, the innermost and 
outermost of the zone. Yet it is singular that thia grotip ap- 
pears to separate the planets of small mass from the greater 
bodies of the system, the planets which rotate on their axes ut 
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about the same tirae as the Earth, from those which are whirled 
round in less than half that interval, though of ten times the 
diameter of our globe ; and it may yet be found that these 
small bodies, so far from being portions of the wreck of a great 
planet, were created in their present state for some wise pur- 
pose, which the progress of astronomy in future ages may even- 
tually unfold. 



CHAPTEE IX. 

JUPITEE. If 

TUPITER is the nest planet in ordef of distance (ram the 
" Sun and tlie ki^est in the sjstem, presenting a bulk more 
tlian twelve hundred times greater than that of the Earth. He 
revolves round the Sun ia an orbit but slightly inclined to the 
plane of the ecliptic, at a mean distance of 495,817,000 miles, 
in B period of 4382 days, or a little less than twelve of our 
years. Owing to the eccentricity of the orbit, the planet is 
nearer the Sun by 47,760,000 miles when its heliocentric lon- 
gitude is about 11^ than when it is situated in the opposite 
point of the ecliptic, or the radius-vector varies in length be- 
tween 471,937,000 miles and 519,697,000 miles. The appa- 
rent diameter of Jupiter is about 47" at tho oppositions, and 
30" or rather more, near the times of conjunction. The real 
mean diameter is 88,780 miles, according to the observationa 
of Professor Stnive, but the diflerence between the polar and 
equatorial diameters is considerable, and will strike the eye the 
moment the planet is seen in a telescope under proper magnify- 
ing power. The moat recent measures make the ratio of the 
polar to the equatorial diameter as 947 to 1000. Professor 
Struve considered it much more unequal, and hia numbers would 
assign 92,130 for the equatorial, and 85,430 for the polar diam- 
eter. The mean circumference of the planet exceeds 2,789,000 

On examining the surface of Jupiter with telescopes, W6 see 
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I appearaoce of regular continents or seas us on the Burtace 
of Mara ; but dark streaks, or, as they are termed, belU, are 
found to cross his disc, presenting sintilar forms to some of the 
modiGcations of cloud in our own atmosphere. Occasionally 
these helta retain nearly the same form and positions for months 
together, while at other times they undergo great and sudden 
changes, and, in one or two instaacea, have been observed to 
break up and spread themselves over the whole disc of the 
planet. Generally there are two belts much more stroogly 
marked than the rest, and retaining a higher degree of perma- 
nence, one situated a little north and the other a httle south of 
the planet's equator. The prevailing opinion amongst astrono- 
mers in reference to the nature of these phenomena is, that they 
are produced by disturbances in the planet's atmosphere, which 
oocasionally render its dark body visible, and, as the belle are 
found to traverse the disc in lines uniformly parallel to Jupi- 
ter's equator, we are naturally led to the conclusion that these 
disturbances are connected with the rotation of the planet upon 
ilfl axis;, which, as we shall presently see, is performed with 
wonderful rapidity. The belts were first observed by Zuppi 
and Fontaaa, at Naples, soon after the invention of the teles- 



In July, 1665, Cassini of Paris remarked a black spot of 
considerable apparent magnitude on the upper edge of the 
Bonthem belt of Jupiter, which remained visible two years. 
This spot, or one supposed to he identical with it, has repeat- 
edly appeared since the time of Casaini, but at very irrogultir 
intervals. On the 11th of December, 1834, a remarkable spot 
was discovered on the noitheni belt by the observers at Cam- 
bridge. It was black and well defined ; about two thirds of 
its breadth was above the belt, and one third upon it. On the 
13th of the same month two spots were distinctly visible on 
> north belt, both well defined, but the following or eastern 
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one (that of tlia 11th) being the larger. For some time these 
spots remniaed wholly uncliauged, but, in 1B3S, they gradually 
faded away ; the principiil one was seen at Cambridge for the 
last time on March 19th. Cassini noticed that the spot in 
July, 1665, appeared to traverse the disc from east to west : it 
was very conspicuous near the centre of Jupiter, and gradually 
failed away as it approached the western limb : the motion. 
seemed quickeat when the spot was near the centre, and be- 
came slower towards the edge of the planet. Hence he infeired 
that it adhered to the surfaca and was carried across the disc by 
the rotation of Jupiter upon his axis, an hypothesis which would 
account fully for the appearances observed. By closely watch- 
ing the luoveraenia of the spot, tlie same astronomer ascertained 
that the time of revolution of the jilanet was about 9h. fi6m. 
The spots of 1834-5, were carefully observed at Cambridge, 
and by the German astronomers M.M. Beer and Madler, Mr. 
Airy, or discussing the observations taken at Cambridge, de- 
duces 9h. 55m. 2r3s. for the time of diurnal rotatiou, and M. 
Midler 9!i. 55m. 29'93, This enormous globe, exceeding in 
diameter that of the earth eleven times, is, therefore, whirled 
round upon its axis in less than ten of our mean solar hours. 
A particle at the equator of Jupiter must consequently move 
with a velocity of more than 450 miles per minute, and it is 
easy to conceive how materially this rapid rotation would con- 
tribute to the generation of heat upon the sui'face of the planet, 
and in other ways tend to compensate for the effects we might 
eipect to follow from the great distance of Jupiter from tho 
Sun, which, without some alleviating agency, would appear to 
render the planet an unfit abode for sentient beings. But it iV 
further worthy of remark that the axis of rotation is very slightly 
inclined to the plane of the orbit, a oircnmstanee whtoU would 
produce one constant climate at any particular spot upon tho 
surface of this immense globe, the regions in the ijnmediato 
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neigiborhooJ of the jwlea alone eJicepted. Tlio inclination of 
I Jupiter's equator to his ecliptic, i.e., to the plane of \m orbit, is 
' 5", atJ(3 tlie ascending node of the equntor in 1 8fi0, is in 
longitude 314° 45'. 

Jupiler 13 attended by four eatellitea or moons, which were 
I discovered by Galileo, at Padua, on the 8th of January, 1610. 
There has been a good deal of disputation concerning thn 
I claims of other astronomers to the honor of having first ob- 
' served these interesting objects ; our countryman, Harriot, was 
I held to be the discoverer by Baron de Zach, who was certainly 
mistaken, as the facta brought to light respecting Harriot, by 
Professor Eigaud, have undoubtedly proved. Simon Mariua 
aeserted positively, in his Mundua Jouialu, that he had re- 
marked the satellites on the 29th of December, 1609, at Ana- 
. bacb, in Bavaria, a point which waa warmly disputed by Gali- 
I leo, who termed Marius the " usurper of the system of Jupiter." 
' M. Delambre considered that the Mundiis JoviaJis, so fiir from 
establishing the claim of Marius to the discovery, bore internal 
evidence to the contrary. At thie distance of time it is safest, 
in forming an opinion, to be guided by the publications of each 
astronomer, and it ia quite certain that the announcement of 
the exiatenee of four Jovian satallites, by Galileo, in his JTmb- 
ri«j Siderius, preceded the first notification by Marius nearly 
two years. The earheat obaervntions of Harriot date October, 
1610, or nine months later than those of Galileo. It is quite 
possible that the Italian and German astronomers may have 
discovered tlie satellites about the same time and entirely inde- 
pendently of each other, but the general opinion at the present 
day 19 in fiivor of priority on the part of Galileo, 

The newly discovered secondary planets were named Sidera 
Ooimim, or Med'icea, by Galileo, in honor of his patron, Cosmo 
de Medici, and to distinguish them fi'om one another, he pro- 
posed to give them tie family names of the ruling house at 
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Florence. Simou Marius, ou the coutrHry, aii^eated mjtli&i 
logical nanieg — lo, Europa, Ganytnedc, Callisto. Modem as- 
tronomere, however, have not thought it necessary to reeort to 
any such special nomenclature, but identify the satellites aa the 
fiist, second, third, and fourth, in order of their dbtance from 
the primary. 

The /!-s( satellite presents an apparent diameter of I'OIS" 

at the mean distance of Jupiter from the Sun, whence we find 

the real diameter to be 2440 nnile^. Its average distance from 

' the centre of the planet is 2T8,fi00 miles, and the period of a 

sidereal revolution is Id. 18h. 27m 

The second satellite appears under a diameter of 0'911", or 
ite real diameter is 210O miles ; it ia (he amalleat of the four, 
according to the observalioua of the eminent Russian astrono- 
mer, Professor Struve. The mean distance from the planet ia 



e sidereal revolution 

;le of 1-488" 
i diameter is 3580 
planet Mercury. It 
of Schrciter a 



443,300 mUes, and the time occupied 
is 3d. 13h. 14m. 3G-4:B. 

The third satellite is seen under an a 
mean distance of Jupiter, whence i(s tr 
miles, considerably greater than that of \\. 
ia the largest of the satellites, aa the 
Struve have shown, The distance from the centre of the pri- 
mary is 707,000 miles, and the time of a sidereal revolution 
7d. 3b. 42m. 33'4a. 

The apparent diameter of \ii<i fourth satellite is l-2'!3", and 
its real diameter 3000, The distance from the planet amounla 
to 1,243,500 miles, con'espouding to a sidereal revolution of 
led. 16h. 3Ira. 49-7s. 

The satellites shine with the brilliancy of stars of between 
the sixth and seventh magnitude ; hut owing to their pronmity 
to the planet, which overitowora their light, they are invisible 
to the naked eye. There are some few instances on record when 
persons possessed of extremely goad vision have fanded tLey 
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oould perceive one of these little moons nithout optical aid, but 
on applying the telescope, it has been fouuil that three of the 
Butellites have Approached so near together as to appear like 
one — just perceptible to the unas^ted eye. A very small op- 
tical power suffices to exhibit the aaf«llitea clearly ns atsta, but 
to Ece them with measurable discs requires the very b*»tinstni- 
menta yet constructed, and high magnifyera. 

If W6 adopt the values of the diameters resulting from the 
observations of Professor Strove, we shall find that, as viewed 
from the equator of Jupiter, tho first satellite would appear by 
far the largest, its apparent diameter being greater than that of 
our Moon, or about 36'. The second and third would seeui to 
be 18' in diameter, while the fourth would subtend an angle of 
only 0', or abuut one quarter of the Hp[>arent diameter of the 
first. The second and third antellilea might, therefore, be to- 
tally eclipsed by the first, and the fourth by all the others. 
The diameter of the Sun, as seen from Jupiter, in perihelion, 
is Z\ minutes of arc, so that total eclipses or occultatioRS of tUo 
Sun are of common occurrence to the equatorial inhabitants cS 
the planet, some portion of iho Burtkce neeeasarily suffering an 
entire deprivation of the solnr light every time the first, second, 
or third satellite passes through the interior part of its orbiL 
The configurations of the satellites of Jujiiter are continu- 
I ally Tarying : sometimes their attendants are all situated on 
L (Hie aide of the planet, though more frequently one, at least, ia 
f to be found in each direction. Some few instances are on rec- 
ord when all four have been iuvisible for a short time; such 
was the case on 2d November, 1681, old style, according to 
an observation by Molyneux, and tbe same phenomenon has 
been witnessed on more than one occasion during tbo present 
century. It is not so rare an occurrence to find only one satel- 
lite vi»ble. The amateur astronomer will find the bibles of 
I configuration of tbe satellites, given in our Nautiral Almanac 
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of great service to bim in fixing upon the proper times for 
viewing these little mooua in their most interesting positions 
relative to the piimary. 

Sir Williwn Herschel, by a long series of observationa upon 
the satellites, iDterred that they rotate upon their axes in the 
time of one synodical revolution round Jupiter, thus presenting 
an analogy to oar onn satellite. He ^vas led to this conclueion 
on remarking the great changes in the relative brightness of 
the satellites in different positions, which were found to follow 
such a law as was reconcilable only with this hypothesis. The 
orbits of the satellites, as seen from the Earth, are projected 
into very eccentrical ellipses in moat aituatious ; but when our 
globe is in tiie line of nodes of any satellite its apparent palli 
is a. straight liue. The real paths of the first and second sat- 
ellites do not differ sensibly from circles : those of the third and 
fourth are veiy slightly elliptical. The lino of apsides of the 
third revolves in about 137 vears, and that of the fourth in, 
about 616 years. The line of nodes of the three exterior sat- 
ellites revolve iu a retrot/rade direction, as is the case with the 
nodes of the lunar orbit ; the period for the seeond is SO yeats, 
for the third 140, and for the/owr/A 520 years. 

The eclipses and occultations of the satellites, and transita 
of the satellites and their shadows, over the disc of Jupiter, 
have long attracted considerable attention, as well on account 
of the interest attaching to their phenomena, as for theit utility 
in practical astronomy. 

The shadow of the planet extends into space through a ins- 
tance of more than half the interval which separates the Sun 
from the Earth ; and, in consequence of the smallneea of the orU- 
tal inclinations of the satellites, the first, second, and iMnt 
suffer an eclipse in every revolution round the primary; the 
fourth sometimes escapes altogether, or may suffer a jiartisl 
eclipse only, a drcumstance arising from the plane of its orbit 
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being rather more inclined thnn with the othere. The first en- 
tranoo of a satellite into the shadow of Jupiter is called the 
ititmeriion ; when it m just clear of the shadow, (he emersion 
is said to take place. Soon after the conjunction of the planet 
with the Sun, the shadow is projected on its western side, and 
at this time, both the immersions and emersions of the third 
and fotirtk satellites may be observed, and occBsionally those 
of the second, hut the emersions only of the Jirel are visible, 
since it is so near the planet as to enter into the shadow behind 
the disc About the oppositions, the immersions and emer- 
sions take place very near the limb of Jupiter : as he moves 
onward towards the Sun's place, the shadow is projected on his 
eastern side ; the immersions only of the Jifst satellite are then 
visible, because on leaving tfae ebadow it is occulted by ihe 
^anet, while the imnieraioDS and emersions of the thini and 
_^rtk satellites, and, more rarely, those of the second, may be 
observed to the cast of the planet. 

One of the most important results to which the observa- 
tions of the eclipses of Jupiter's satellites have conduced, is the 
detection of the measurable velocity of light, due to Olaua R6- 
mer, a Danish optidan and astronomer, about the year 16T6. 
It had been remarked that the calculations always gave the 
timea of the eclipses with errcirs of contrary signs when Jupiter 
was nearest to, and farthest from, the Earth. In the former 
eaae the eclipse occurred before the computed moment ; ia the 
latter, the predicted time was icvariably loo early. These dr- 
cumstances led Homer to suspect that the anomaly arose from 
the light having a greater distance to travel when Jupiter was 
in apogee than when he was nearest to the Earth, or about the 
dmes of opposition, and, on comparing the observations to- 
gether, it waa inferred that light actually travelled at the rate 
of nearly 200,000 miles in a second, or that it would require 
16in, SBs, to traverse the diameter of the Earth's orbiL The 
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oorreotionB applied to the observed times on this hypotheeis 
rendered them perfectij accordant with one general theory of 
the Batellitcs' inovoinenia, which before had failed to prove sat- 
isfaotory. The eclipses are highly uaeful, also, for determining 
approximate differences of longitude hetween distent stations 
on the Earth's surfece. Wo say approjamate, because there 
are difficulties in the way of their exact observation, which pre- 
clude the possibility of obtaining very accurate results from them. 

The theory of the motions of Jupiter's satellites has been 
fully developed by the celebrated mathematician, Laplace, and 
was published in his Mecanique Celeste, It is beyond the plan 
of this work to enter into any details on so complicated & sub- 
ject; but there are one or two points in connection with the 
relative movements of the sntellilea which deserve especial no- 
tice. It appears that this singular relation subsists between 
' the mean motions of the three interior ones — the mean angular 
velocity of the first satellite added to twice that of the third 
gives a sum exactly equal to three times that of the second, 
wherefore, if three times the mean longitude of the second 
satellito be subtracted from the mean longitude of the first, 
pltu twice that of the third, the reminder will be always con- 
stant, or as we find from observation, 180". This curious ar- 
rangement has a most important effect in the system of the 
planet. It is thus seen, that for a long period to come, if the 
first and third satellites present their unilluminatcd sides to the 
planet, or are undergoing eclipse simultaneously, the second must 
bcHO situated as to afford considerable light to its inhabitants, and 
the same will occur in regard to the third satellite, if the first and 
second are in such positions as to reflect no light on the pUueL 

The occultntions of the satellites, which take place when 
they pass behind the disc of the planet, generally require much 
more powerful instruments for their satisfactory observation 
than the eclipses. With a telescope of adequate power, we 
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may trnw the gradual disHppenrance of tbe satellite, from tie 
first contaet witL tlio limb of the planet to its final obscuration 
behind the disc, and, as viewed with such an instrument, these 
phenomena are highlj' intereating. The occultations of the 
fourth satellite are usually liaible throughout, i. e. from disap- 
pearance to re-appearance ; those of the third also are frequently 
observable ; but it happens much more rwely that the com- 
plete phenomenon can be ol^erved in regnrd to the second satel- 
lite, labile the iitimeraion and emersion of tiiejirat can only be 
visible a day or two before or after the opposition of Jupiter, as 
at all other times either the immersion or emersion must hap- 
pen while the satellite is obscured in the planet's shadow. Thus 
it most usually occurs, that from conjunction to opposition, the 
re-appearances only of the firet and second satellite can be observ- 
ed, and the disappearaneeg only from opposition to conjunction. 
Perhaps the most interesting irf all the phenomena of the 
Jovian system, are the transits of the sittollites and their shadows 
over the disc of the planet, which occur when they are moving 
from east to west. With powerful telescopes the satellites are 
seen projected upon the disc, sometimes as lucid spots sensibly 
brighter than the general surface of the primary; while, on 
other occasions, they have been observed as dark spots, — which 
can only be accounted for by admitting that such spots really 
exist on the satellite itself, since the illuminated part of their 
disc must be turned towards tlie Earth at these times. Schrijter 
and Harding noticed these varied appearances repeatedly ; and, 
so long ago as the middle of the seventeenth century, Cassini 
had discovered that the satellites were sometimes visible during 
their passage across Jupiter's disc, tliough he could perceive no 
trace of them on other occasions. Professor Bond, of Cam- 
bridge, U. S., has detailed some curious observations made by 
him with the great telescope under his direction, on the tran^t 
of the third satellite and iia shadow. On the i^Sth of January, 
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1848, it viBS seen as a black gpot, well defined, nnd ngain • 
the 11th of March. On tha ISth of the latter month it e 
lered upon the disc as n very bright spot, more hrilliftnt than 
g surface; twenty minutes later it had decreased 
in brightness, so as to be bardiy pereeptib 
minutes a dark spot appeared suddenly in its place, e 

early two hours and a half. It was conspicuous enongh 
to be easily measured with a micrometer, being perfectly black 
and nearly round. This spot is stated to have been observed 
on the satellite. The same astronomer has also seen the first 
and fourth satellites like dusky spots projected on the disc of 
Jupiter, and the same appearance han beeu repeatedly noticed 
in this country during the transits of the fourth satelhte. The 
shadows are uniformly black and larger than the satelhtea 
themselves ; they are consequently more readily percdved, 
though powerful instruments are required for the proper obser- 
vation of either satellites or shadows at these times. Before 
the opposition of Jupiter to the Sun the shadow jsrecerfes the 
satellite, h\xt/olloiBB it ailer tbe oppositio] 

The mass of Jupiter is much greater than that of any other 
planet, and an accurate knowledge of it is therefore of consid- 
erable importance in astronomy. We cannot predict the true 
positions of the small planets without taking into account tha 
influence of Jupiter upon their movements, and this action ii 
very sensible for some of the larger bodies of the system. 
Newton, Lagrange, and Laplace, considered the mass of the 
Sun to be to that of the planet nearly as 1067 to 1. Bouvard, 
in his Tables of Jupiter, assumes it as 1070 to 1. The calcu- 
lations of Professor Encke in 1826, relative to the disturbances 
produced by the planet on the elements of Yestii, indicated the 
necessity of a \'ei'y sensible increase on the received mass, which 
appeared to be more nearly as lOoO to 1, a result confirmed in 
the same year by the computatjons of M. Nicolai of Manbein, 
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relative to another of the minor planets — Juno. The most ac- 
curate method of determbing the mass of Jupiter, viz., by ob- 
lerving the elongations of his fuurth or most distant satellite, 
had not been put into practice at this time nith such improved 
means as modern observatories afford ; but, about the year 
1834, Mr. Airy undertooka series of observations at Cambridge, 
which established the ratio of the masses, as 1048 to 1. The 
lateet researches on this subject are those of Professor BeEsel of 
Eunigaberg, who, in an extensive course of observations on the 
latelUtes, concluded that the Sun's mass exceeds that of Jupiter 
1047*87 times, and this result is now very generally adopted. 

The most ancient observation of Jupiter which we are ac- 
qu&int«d with is that reported by Ptolemy in Book x. chap. 3, 
of the Almagest, and considered by him free from all doubt. 
It is dated in the eighty-third year after the death of Alexander 
the Great, on the IStli of the Egyptian month JEpipki, in the 
morning, when the planet eclipsed the stai- now known as S 
Cancri. This observation was made on the 3d of September, 
B.C. S40, about I6h. on the meridian of Alexandria. 

A similar occultation of a atar by Jupiter was witnessed by 
Pound on the morning of the 22d of November, 1716, when a 
Oeminorum, or, as it is more usually termed, Castor, was 
eclipsed by the planet. 

The tables in use at present for predicting the places of this 
planetwere calculated by M. Bouvard of Paris, on the theory of 
Laplace. They are quite exact enough for all practical purposes ; 
but we have the means of improving them whea necessary. 

Very elaborate tables for predicting the phenomena of Jo- 
inter's satellites have been calculated by several a.stronoraers. 
Those now employed in the computation of the nautical ephem- 
erides of Great Britain, France, and Prussia, were constructed 
by the late Baron Damoiseau, and published by the French 
Board of Longitude in 1830. 
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rpnE neit planet in order of diatanee from the Sun is 8i 
-*- one of the most interesting of the heavenly bodies, as pre*. 
senting an extraordinary manifestation of creative power Aucj 
wisdom. He is attended by no fewer than eight satellites, and 
is moreover surrounded by several luminous rings, which muati 
reflect considerable light on some parts of the planet's surface. 

The sidereal revolution of Saturn occupies about 10,759. 
mean solar days, or 29^- of our years. His mean distance ig 
u consequence of the eccentricity of his o 
1 the Sun varies between 857,086,000 milea. 
>rthe planet is nearer the Sun hy more 
than 102,000,000 miles, when it is situate in 8!)'' longitude, 
whore the perihelion point &lle, than when it is located ii 
opposite part of the ecliptJc. 

The figure of Saturn appears to bo a perfect ellipse, thougb. 
it has long been supposed to resemble a parallelogram, ' 
the four corners rounded olf, so as to leave both the equatorial 
and polar regions flutter tlian they would be in a regular spheric 
cal figure." This motion was first advanced by Sir W. Hersch^ 
afier examining the planet in reSceting telescopes of ten, twenty. 
and forty feat focal length. Actual micrometric measure bjri 
Professor Bessel in 1833 gave results unfavorable to this de- 
viation from an elliptical outline, and a recent series of observar 
tiona at our Royal Observatory, by the Rev. K. Main, has fiillj( 
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iSrmed the menaurea of the GennHn astronomer. It may be 
I, therefore, that the form of Saturn does not deviate visi- 
bly (rom an ellipse, the major axis uf which, iu the direction of 
tbe planet^a equator, eiihteuds an angle of I'Z'OaS" at Saturn's 
mean distance, \vhile the minor a)us is seen under an angle of 
.6-3»4". The oompreaaion ia tbus found to be I-10'2Slh or 
equatorial diameter is to the polar as 1000 to 903. These 
'unmbera depend on Professor Bessel's observations with the 
^nd heliometer at Konigsberg. The Greenwich measures 
make the elliptieity I-9-23d, or one tenlh greater than Profes- 
Bor Beasel's. Many years ago Mr. Airy showed that the Her- 
lelian form of Saturn could not be accounted for by theory; 
it is understood that Sir John Herschel, after a considera- 
of the results obtained at Greenwich, has fully admitted 
tbo neueasity of giving up the idea which Le had held in com- 
mon with Sir W. Uerschcl, respecting the unuaual figure of the 
plauet. The distortion is evidently owing to some optical cause, 
ibably connected in some way with the interference of tlie 
yet Professor Struvo thought the planet Jupiter enhibited 
fdmilar deviation from an elliptic outline, until he had con- 
Tinced himself, by careful measurement, that such was not 
really the case. The true diameter of Saturn at his equator, 
by a mean of the most accurate and recent observations, is about 
77,230 miles ; and if we adopt a mean value for the polar com- 
pression from the measures at Konigsberg and Greenwich, we 
ahall find the diameter in the direction of the poles of Saturn to 
be about 69,300 miles. The planet is consequently nearly ten 
times the diameter of the Earth, and exceeds it iu bulk nearly 
□no thouf^and times. 

Though belta are frequently observed with good telescopes 

upon Uie BurfHce of Saturn, they are far more indistinct than 

those of Jupiter. Spots are of rare occurrence. One was seen 

Sat W. Herschel in June, 1780, for several days, and M. 



146 



THE SOLAR STSTEll. 



Schwabe of Dessau saw one on the Stli of November, 1847, on 
Ibo southern edge of a dark belt, somewhat tti the north oftht 
equator, projecting a little into the bright central zone, which 
nas suilicieut!; distinct to allow of niicromelrical measures of 
disiance from the limbs of the planet. In 1793, Sir W. Hep- 
auJicI f»v a (quintuple belt, and availed bitnsetf of i\e vvilxlitj' 
to determine the time of a\ial I'otation of Sntura, wbich bad 
uot been previously ascertained. This he accomplished by veiy 
frequent and careful examiuation of the appearance of tbebolts^ 
remarking when it was best eeen, bow far the belts were i 
rated, and maliiiig other observations on tbeir figure, &c.\ froiB 
a combination of which he conctiided that the same confignrs'. 
tioQ recurred afler lOb. 16m. 0'43., which he inferred to be the 
time occupied by Saturn in one rotation upon bis aids, o 
length of a Saturnian day. This great astronomer satdsfied 
himself tliat the bells had undergone no relative change <rf ai^ 
consequence during the hnndred revolutions through which he 
watched them, and further concluded that the error of the pe- 
riod be had deduced must be very much less than two minuter 
The axis of Saturn is inclined to bis orbit 63'' 10', or 61° 60'. 
to the plane of the ecliptic. His seasons, therefore, are proba^ 
biy more diversified than those of Jupiter, Sir William Her-' 
Bcbel cousidered he bad sufficient e\'idence to show that thai 
planet is surrounded by a very dense atmosphere, an iofereuos 
drawn sot only from the changes in the number and appearancii 
of the belts from year to year, but depending also on ohserv*- 
tiona of the closer satellites, when about to be occulted by thft 
planet ; the nearest satellite was observed to hang upon thft 
disc about twenty minutes, and the next satellite about fii 
minutes longer than they should have done were there no re- 
fraction. Periodical changes of color in the polar re^oos of 
Saturn, and the appeamnee of large dusky spaces of a cloudy 
obaracter in these parts, which Sir W. Herschel repeatedly !■&■ 
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tieed, were likewise thought to strengthen the supposition of the 
existence of an atmosphere of considerable density. The gen- 
eral color of the planet's surface is a very pale yellow or yel- 
lowbh white. 

WLen Galileo turned his newly constructed telescope upon 
thb planet, be saw that the fgure was not round as in the 
case of Jupiter, but at first conceived it to be oblong, though 
on fiirther examination he thought the planet consisted of a 
Istge globe, with a smaller ona on each side. Continuing his 
ohaervations, he remarked that this appearance wa'4 not eon- 
Btantly the same, the appendages on each side of the central 
globe gmdufllly dimiuishing until they vanished entirely, and 
left the planet nearly round, without anything e):traordinary 
about it. He inibrmed KeplcL' of these circumstances in No- 
vember, 1610. Hevelius observed Saturn very flttentjvely 
about the year 1655, and described the various phenomena 
which had been noticed by Galileo. Huyghens, who possessed 
telescopes of greater power than those of the Italian astrono- 
Dier, was the first who gave a coiTect explanation of theae 
TUied appearances, attributing them to a luminous ring sur- 
1 Ktunding the globe of Saturn, the greater apparent diameter 
of which he considered to be to that of the globe as nine to 
four. The discovery of the Ring of Saturn was announced by 
Huyghens in his SyaUma Satwrnium, a small work jiublishcd 
I at the Hague in 1056 ; and many drawings of the supposed 
I figure of the planet, taken before the improvements in optical 
. menna revealed the true nature of the phenomena which had 
attracted the attention of Galileo, are appended to this account. 
Hnyghen's telescopes, though much belter than those of his 
predecessors, were yet of insufficient power to exhibit all the 
phenomena of the ring. The first mention of a division scpa- 
Mfing it into two concentric rinn;s is usually supposed to be due 
o tie celebrated Dominic Gassini, astronomer at the Observa- 
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tory of Pftris, soon nfler the foundation of that establish menl 
by Louis XIV., or in the year 1675. But it is on record that 
two English amateurs, Dr. Ball and Mr. W. Ball, of Minehead, 
North Devonshire, had noticed the duplicity of the ring in 
October, 1665, giving them a priority of ten years in this 
tereHtJDg discovery. 

The ring of Saturn may be described as broad and flat, 
and i^ situated precisely in the plane of the planet's equator ; 
it is therefore inclined to the ecliptic at an angle of 28' 10' 27", 
and intersects it in longitude, 167° 31' 52" and 347' 31' 52", 
which points are called the ascendinff and descending nodes of 
the ring respectively. It is owing to this inclinatjon of the 
plane of the ring tu the ecliptic and to the orbit of the primary, 
that this appendage is Bometimcs observed as a broad ellipee, 
and at others as a straight line, but just discernible in the moat 
powerful telescopes hitherto constructed. For when the helio- 
centric longitude of Saturn is either 167^ 32', or 347° 32', the 
plane of the ring passes through the Sun, which consequenlly 
can only illuminate the thin edge ; and it is for this reason 
visible to ordinary telescopes. It will disappear also when the 
plane passes through the Earth, or when the Sun shines c 
that part of the surface which is turned from us, Generally 
the ring diaappeara twice, for the motion of Saturn is so alow 
in comparison with that of the Earth, that our globe pai 
twice through the plane of the ring before it is carried past 
the plana of the ecliptic. Thus, in 1848, after the north sur- 
face had been visible nearly fifteen yearji, the ring became in- 
visible on April 22d, when the Earth was in its plane, and the 
Sun above it : it reappeared on the 3d of September, when the 
Sun was in the same plane, passing south to the same aide ai 
the Earth ; and consetjuently, when the southern illuminated 
surface was turned towards us. On the 12th of the same 
month, the Earth passed to the northern side, while the Suti 



still shone on the southern surface, and the ring therefore dig- 
appeared a second time. It contioucd to present to us its un- 
illuminated gurfuce until lite 18th of January, 1849, when the 
Earth passed to the soutliem side of the plane of the ring, 
which bad heen turned towards the Sun Eince the 3d of Sep- 
tember. We shall continue to see the soul/iem surface until a 
few months before Saturn arrives in the opposite part of his 
orbit, or at the ascending node of the ring, which will take 
place towards the close of the year 1861, and after the occur- 
rence of Gimilar phenomena to those we have just described, 
the northern surface of the ring will become visible, and con- 
tinue so until the year ISTJ, which may witness a series of 
disappearances and re-appearances simiiar to those of 1848 and 
1849. Aft*r the plane of the ring has passed through the 
Sun, the surface illuminated by him becomes broader and . 
broader until Saturn is distant 90'' from the nodes on the 
eoliplie, or is situate in longitude 257-5^, or Tj'5°, or about 
Ok middle of Sagittarius and Gemini, in which positions we 
«ee the rings most open, the minor axis being almost precisely 
half the greater one. These times are the most favorable for 
the examination of the division of the ring, which may then 
be traced nearly all round, the only interruption biding caused 
by the globe of Saturn, The belts also appear at their greatest 
curvature, and the shadow of the ring upon tlie surface of the 
planet, and of the planet itself upon the ring are distinctly 
visible in good telescopea. The apparent major axis of the 
ring at Saturn's mean distance is about 39", and the diameter 
of the globe about 17'5", consequently the surface of the ring 
covers either the north or south pole of the planet for some 
little time, about the periods just referred to, since, as we have 
observed, the minor axis is then very nearly equal to half the 
major axis, or is nearly 19'5". The opposite pole is, then, for 
the same reason, projected up&n the surface of the ring. 
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We Lnve already iiodc&d the ilisoovery in England nod 
France of the double ring of Saturn during the latter half of 
the fleventeenth century, and we shall now describe io some 
detail the obaervfltiona which hnve been made by various as- 
tronomers tending to prove that the Bing is ut least a triple 
one, and possibly may be more correctly termed trtullipU. 
M. Lalande mentions, in the last edition of his " Astronomie," 
that the well known English optician, Mr. Short, had informed 
him orally of his having noticed the outer ring of Satarn 
divided hy several black lin^ : this waa with a telescope eft 
twelve feet focal length, M. Laplace, iu his "Theory of Sat- 
uni'a Ring," published in the memoirs of the Paris Academy 
for 1787, mentions the same circumstance, and infers that the 
outer Ring must be formed of several smaller ones nearly in 
the same plane, — that of tha planet's equator ; in which situa- 
tion he concluded thoy are retained by the attraction of the 
equatorial parts, which, as we have already seen, are mo» 
prominent than the polar regions, M. Lalande gives a figure 
representing the appearance noticed by Mr. Short. Both M, 
Dolamhre and M. Biot, in their treatises on Astronomy, refer 
to these divisions ; but it does not appear that they bad any 
further evidence than is fiimiahed by M. Lal.iude. The ob- 
servations of Mr. Short were probably made about the year. 
1760. In n paper read before the Royal Society of London 
in December, 1791, Sir W. Herschel mentions having seen, be- 
tween the 19th and 26th of June, 1780, "a second blacic list" 
upon the ring, close to the inner side, and on the preceding 
arm only. This appearance was visible with three reflectinjfi 
telescopes, aud could hardly arise, therefore, from optical ilia-, 
^ion. On the 29th of the same month, no such division of th&' 
inner ring was perceptible. The visibility of a dark line on ona 
Bide only, Sir W, Herschel thought might bo accounted for by- 
supposing the opening very narrow and the rings eccentric. 
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In December, 18S3, rrofessor Quetelet, at Paris, noticed 
' 'the outer Ring of Saturn divided into two, with an achromHtic 
telescope of ten inches aperture. This circumstance is related 
by Captain Kater in Vol. iv. of the " Memoirs of tlie Roj'al 
, Astrouomical Society," where he has also given tie results of 
I some observationa of his own, which tend to prove the exist- 
I enee of such divisions. On the 17th of December, 1825, with 
I ft Newtonian reflector by Walson of sis inches aperture and 
forty inches focus, the outer ring " appeared separated by 
I numerous dark divisione, extremely close, one stronger than 
I the rest divi<ling the ring about equally. Tbe inner ring de- 
ddedly had no such appearance." It is added that this phe- 
nomenon was noticed only with Watson's Newtonian. On the 
I€th of January of the foliowiog year, Saturn was examined 
by Ci4>tain Kat«r, with a telescope of the same eonstrucljon 
by Dollwid ; the outer ring was tLougbt to be made up of 
, Mveral, as before nientjoned, but it was not so distinct as with 
I the amaller telescope, on December 17th. On the following 
I night, "the outer ring appeared to be made up of several 
r rings," but not very distinctly marked, bo that some doubt at- 
tnched to the observation. On the 22d January, 1828, Cap- 
tun Kater could nee no trace of divisions in the exterior ring, 
and thence concludes that they are not permanent. 
I On the 28th of May, 1837, Professor Encke, observing 
t frith the great telescope of Fraunliofer at Berlin, not only saw 
Ftfae outer ring of Saturn divided by a black line, but obtained 
I micrometrical measures of the diameter of the division. It 
vas found that the outer diameter of the outer ring was 
49-44fi", reduced to Saturn's mean distance; the diameter of 
the new division 37-471", and the inner diameter of the ex- 
terior ring 38'038". Hence it would appear that the exterior 
ring is not equtilly divided. On April 25, Professor Encke 
had seen the extra division, but could not measm'e iL 
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In 1838, M. Dumoachel, Difector of the Observatory of 
the Collegio Romano at Rome, published an account of Bome 
new divisions in the ting of Saturn which had bean noticed by 
M. de Vico with the large achromatic telescope of that estab- 
lishraent. Having heard of Professor Eacke's observationa, 
M, de Vico took advantage of some very fine nigh 
summer of 1838 to scrutiuize tlie appenrauce of the planet 
On the evening of May 29, he very distinctly saw, and showed 
to several pupils and friends, besides the two principal nagsf 
three olher divisions or black lines, the one nearly b the mi(" 
die of the exterior ring, and two upon the interior one. It 
stated that the observations of following days indicated 
variation in the number of zones, according as the aky 
more or less favorable. About the time of meridian passage 
Bometimes as many as six rings were noticed, the dist)ncH<Ui 
being such that it was difficult to admit any optjcal illnucHi 
tie cause of the appearance. 

M. Schwabe, of Dessau, paid particular attention to thft 
phenomena of Saturn's ring in the summer of 1841, employ- 
ing in his examinations a sis-feet achromatic telescope by 
Fraunhofer. On July 26th, soon after 9h., Encke's division 
was seen by glimpses, with powers of about 290 and ■ 
August 10th, it was just perceptible on the eastern ansa, aiid< 
again on the 17lh. On September 10th, this divi 
noticed at the western side. M. Schwabe observed on thir^ 
days ; hut the extra division was noticed on four occasions onl^j 
as above. 

In the month of September, 1843, a very satisfactory 
servafjon of the division ia the eiterior ring was made by Mr.: 
Lassell and the Rev. W. E. Dawea, with a nine-feet Newtonian 
reflector constructed by the former genlleman. On the 7th ot 
that month, the sky at 9 p.m. hazy and the stars dull, the 
escope wag turned upon Saturn, and nnder a power of 4D0 th« 
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distinctly perceived to be divided into two. The 
outline of the planet was very slnrplj datined with this power, 
and tfae primary division of the ring was very black, and stead- 
ily seen all round the southern eide. When this was most sat- 
iifactonly obgerved, a. dark line was pretty obvious on the out«r 
ring. Mr Dawes wasnot only pprfectly sntiiilied ofitsexisteniie, 
bat, during the best news, obtained some estimations of ila 
breadlk in comparison with that of the ordinary division. The 
propordon appeared to him to be a« 1 to 3 ; but Mr. Lassell 
oonadered it scarcely one thud Both observers, however, 
SgTwd in placing it outiide the TRjddle of the exterior ring. It 
iixu tqually visible at both ends, Mr. Dawes adds, that neither 
he nor Mr. Lassell had any glimpses of further subdivisions. 
"The shading of the inner ring was very ob*ioua, but no dark 
line was even suspected in that situation." Such evidence of 
the reftlity of the divisions in the e.iterior ring as is afforded by 
die observations of Messrs. Dawes and Lassell is conclusive 
enough, and it is fortunate that we have the testimony of these 
able observers in a question of such delicacy. 

Professor Challia obtained some glimpses of this extra divi- 
won in 1842 and 1845, with the great Northumberland teles- 
cope at Cambridge, and about the middle of September, in the 
latter year, the author saw what he considered to be Encke's 
division on the easlem arm of the ring. More recently, Mr. 
Lnisell and the Rev. W, R. Dawea have had most satisfactory 
views of a dark line on the outer ring, but not exactly in the 
position indicated by Encke's measures. 

The most recent, and, at the same time, one of the moat 
remarkable discoveries in reference to the rings of Saturn, is 
that of a dusky or obscure ring nearer to the planet than the 
interior bright one. It appears that Dr. GaUe of Berlin hnd 
noticed a gradual shading off of the inner ring towards the globe 
of Saturn, and had published measures of the extent of the 
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darker part in the Transactions of ike Berlin Academi/'m 183S. 
Tlie memoir, however, was but little known, for in 1850, after 
the reappearance of the ring in a position favorabl<i to the obr 
aen'ation of the divisions, th« dusky Kone was remarked ai 
by Mr. Bond of Cambridge, United States, and by the Rev. W- 
K. Dawes at Wat«ringhiiry, near Maidstone, about the a^m^ 
time (in the month of November). Mr. Bund, we beHeve, has 
seen only that portion of the obscure ring which had been pre- 
viously noticed by Dr. Galle at Berlin, but the English astr[HH 
omer, with his excellent eye and in'^trument, has succeeded i| 
making out some ad<iilioual facta respecting this wonderful ap 
[lenUage. He sees not only that there is a dusky ring near the 
interior edge of the inner bright one, but that it is certiunly % 
double one, being divided during the most favorable viewa 1^ 
an extremely fine line. Supposing with Professor Struve thiA, 
the interval between the globe of Saturn and the interior bright 
ring is 4'34", Mr. Dawes estimates the breadth of the difiercnt. 
portions of the obscure ring as follows : — 

Interval between the bright ring and exterior obscure ring 

Breadth of the esterior obaturo ring .... 

Breadth or interior obscure ring, and of the dark boundary 

separating tlio two 



By numerous measures of the breadth of the dark ring, includ- 
ing the whole space between the inner edge of the bright ri 
BTid the inner edge of the interior obscure one, the angle sulv 
tended was found to be 1'94". The more distant portion a 
the new ring is seen much more distinctly than the correspcmd; 
ing portion nearest to the Earth. The projection of this riaf 
upon the ball was noticed by the Rev. W. R. Dawes in No* 
Tcmber, 1850, and as might be expected from that eminent 
observer, the connection of the dark line crossing the disc, and 
hroader at the edges than towards the cenke, with the o 
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portion of the ring seen on each side of the planet, was imme- 
diately discovered. 

The following table exhibits the dimensions of Saturn's rings 
iD equatorial semi-diameters of the primary, and also in Eng- 
lish miles. They are calculated from the most accurate micro- 
metrical measures hitherto published, and must be pretty near 
approximations to the true values : — 



Equatorial aemi-diameten. 


English milei. 


Outer diameter of outer ring 


4-4676 


172,130 


Inner diameter of enter ring 


8-9232 


161600 


Outer diameter of inner ring 


8-8326 


148.000 


Inner diameter of inner ring 


2-9648 


114,480 


Breadth of outer ring 


. 0-26716 


10,316 


Breadth of inner ring . 


0-43391 


16 766 


Breadth of the principal divisior 


i 0-04636 


1,762 


Distance of the inner ring (inte- 






rior edge) from Saturn's limb . 


0-48238 


18,628 


The same from Saturn's centre . 


1-48238 


67,248 



Sir John Herschel estimates that the thickness of the rings 
does not exceed a hundred miles. Sir W. Herschel was con- 
vinced it must be very much less than the diameter of the 
smallest satellite, which he judged might be about one thousand 
miles. 

The diameter of Buckets division, according to the observar 
tions of that astronomer, is 4* 2 7 7 8 equatorial radii of Saturn, 
or 165,100 miles ; it is therefore situated at a distance of about 
8500 miles from the exterior edge of the outer ring. 

The planet Saturn is attended by ei^ht satellites, seven of 
which revolve in orbits lying nearly in the plane of the ring, 
and consequently of the planet^s equator. 

A good deal of confusion having arisen in the nomenclature 
of these satellites, Sur John Herschel proposed in 1847 a series 
of mythological names to distinguish the seven satellites then 



known, nnd the faint one more recently discovered having also 
received a classical name, wc shall adhere strictly to the plan 
adopted by this emiocnt astronomer, as there can be no duubl 
these moons will be known hereafter by the names Sir John 
has assigned them. Taking the satellites in order of distance 
flora Saturn, their names will be — Mimas, Enceladus, Tethys, 
Dione, Ehea, Titan, Hyperion, and Japetus ; but in our descrip' 
tion of them we shall follow the order of discovery. 

Titan, the great satellite of Saturn, was discovered by Hay 
ghena on the 25th of March, I65S, with telescopes of twelve 
and twenty-three feet focal length. He observed it attentively, 
and published tables of its movements in 1650, in his Syalema 
Satumium. These tables were afterwards improved by EaK 
ley, Cassini, and Lalande. But the most exact determinatioa 
of its orbit is that recently published by the late Professor Bea- 
sel of Konigsberg, which depends on his own observationn 
with the fine heliometcr at the observatory at that place. Th9' 
period of one sidereal revolution is 15d. 22]i. 41m. 24-8fla., and: 
the mean distance from the centre of the planet 176'55", of 
778,000 miles. This satellite shines with the brilliancy of stan 
of the eighth magnitude, and in powerful telescopes exhilrita a' 
very decided disc. 

The next satellite in order of discovery is Japetus, the most 
distant of all, detected by ttie elder Cassini at Paris at the end' 
of October, 1871, with the aid of a telescope of seventeen 
focal length. The period of n sidereal revolution, according M< 
the latest investigations, is 79d. 7h. 64m. 40'6s., and the sen 
axis of the orbit subtends an angle of 514'52" at Saturn's met 
distance from the Elarth ; whence we find the distance of tl 
wntellite from the centre of the planet to be 2,208,000 mile 
which is nearly twice that of the furthest satellite of Jupiter.' 
The plane of the orbit of this satellite is not nearly coinddeol 
Kith the plane of the ring, and consequently of Satutu'B 
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tor, as in the case of the other satelUtes, bui is inclined thereto 
at an augle of 10^, the node being plsced in 150^ 27' longi- 
tude upon the orhit of the planet according to the ciilculatiuDa 
of Lalacde. Cassini found the longitude of this point 166°; 
but it appears certain that there is a retrograde motion of the 

of nodes, though we are aa yet without any precise deter- 
mination of its amount 

li noticed that tiiis exterior sateihte regularly disap- 
peared during half its revolution, when to the east of Saturn, 
or following the planet in right ascension. Hence he concluded 
Qiat it revolved upon its axis in the time of res-olution round 
the primary, as in the case of our Moon, Sir J. Newton in hia 
J'rincipia also expressed the same opinion, and thought the 
variations in the degree of brightness of the satellite was owing 
le parts of its sur&ce being less capable of reflecting the 
light than others. Sir William Herschel traced the fluc- 
tnations of light during more than ten revolutions of Japetus, 
found that the same phenomenon always recurred when 
the satellite returned to the same position in its orhit At max- 
imum brightness Japetus appears tike a star of the ninth mag- 
nitude, but more usually the light is not greater than that of a 
ator of the l«nth or eleventh class. 

The satellite which Sir John Herschel has called Jihea was 
detected by Cassini at Paris, on the 23d of December, 1672, 
■«Wi the help of telescopes of 35 and 70 feet focal length. Its 
period of revolution is fotmd to be 4d. 12h. 2om. ll'is., and its 
diltance from the primary 336,000 miles, which subtends an 
fengle of 76'16" when Saturn ia placed at his mean distance 
from the Earth. The plane of the orbit of this satellite is very 
nearly coincident with that of the plane of the ring, so that 
about those times when the piimaiy is near the nodes of the 
ring, the orbit will appear to be a straight tine ; but at all other 
'le apparent form of the orbit is an ellipse. 
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least eccentrical at the time tbfit the ring is most open, cr whoe 

Saturn is 80" distant frura its line of nodes. Sir Jolin Her-, 

sohel tiaii invtstigated tlie elements of Rliea from his owt 

Bervations, taken with a twenty feet reflector, during his 

deuce at the Cape of Good Hope, in the yeais 1835-7. 

greatest equation of the centre appears to be 2° 36', oorresponit' i 

ing to an eccentricity of 0'02269, the perisatur 

[ilaced in 95° longitude. These nuuibers, however, will be only i 

approximate. Generally speaking, tliis satellite shines like ft 

star of the tenth or eleventh magnitudes, I 

more nearly resemble one of tbe ninth, and at others one of lh« 

twelfth magnitudes. Much depends on the position in respect. 

to the primaiy, and on atmospheric condiljons. 

ily at any time, an instrument of not less power than the ordi-T 

nary five feet achromatic should be employed. 

Diom was discovered by Cassiui in March, 1664, witl), 
lenses varying from 34 to 220 Parisian feet in focal lengtb*, 
The period is 2d. 17h. 44ni. 51'2s,, and the distance from thaj 
centre of the primary 240,000 miles, subtending an angle 
54'54". It is not so easily seen as Rhio,, but will occastonallj 
equal in brightness a star of the eleventh magnitude, though &i 
more commonly it resembles one of the twelfth, 
fainter still. A powerful instrument is therefore required ta^ 
observe it satisfactorily. The orbit of Dionc is stated by & 
John Herscbel to be elliptical, the greatest equation of tl 
centre being 2° 22', and the position of the perisaturnium i 
longitude 42° 30' for tlie year 1836. The satelhte is eupposej 
to revolve in the plane of the ring ; the same remarks in regai4 
to the apparent form of the orbit that were made in the last 
article will therefore apply here, and with respect to all th^ 
other satellites except Japelus. 

Tethys was likewise detected by Cassini about the a 
time as Dione, or in March, 16S4, with the same teleocopo, q 
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lenses mounted it icb out tubes in consequence of their great 
length. Her period of revolution round the primary is 
Id. Slh. 18m. 25'Os., at a mean distRQce of 18S,000 miles, 
hich subtends an angle of i2-5l" at the average distance of 
Saturn from the Earth. Generally this satellite resembles a 
of the thirteenth magnitude, and can therefore ba well ob- 
ilyin powerful telescopes. Dr. Lamonl, of Munich, in- 
itigated the elements of the orljit from his own observations 
m 1836 ; he found that tlie eccentricity was O'OOSl, giving the 
greatest equation of the centre 0' 35' ; the place of the perisa- 
(urninm in 1836 was 357° 39', the longitude of the ascending 
ind the inclination of the orbit to the plane of 
the longitude of the satellite in this orbit {ro- 
plane) on the 23d of April, 1836, at 8h. 
time, being 158° 31', Sir John Her- 
i made a series of observations at the Cape of Good Hope 
bout the same year, from which he inferred that the ecceu- 
" tridty of the orbit of Tethys amounted to 0'04317, giving the 
greatest equation 4^ 50' ; the perisaturnium was fixed in longi- 
tude G3^ 40', and the satellite was assumed to revolve exactly 
ft the plane of the ring. The differences between the calcula- 
IB of tliese astronomers are to be attributed to the difficulty 
tending the observations, and to the circumstance of small 
B of measurement in the apparent position of the sfttellit* 
Hth respect to the planet greatly affecting the deduced, ele- 
^Dts. It will be remarked that the three female names (Rhea, 
&{one, and Tethys) selected by Sir John Herschel serve to dis- 
tinguish the three satellites discovered by the elder Casaini. 

Snedadus, one of the closer aateliites of Saturn, was first 
perceived by Sir William Hei"sche], on the evening of August 
', aliout its greatest western elongation ; but the dis- 
as not confirmed tjll the completion of the forty-feet re- 
August, 1789, The very moment this instrument w 
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first directed to the planet, on the 28Ch of that month, six tat 
ellites were seen, '* in such situations and ea bright, as render^ 
it impossible to mistake them." Sir W. Her^chel says, ibi 
new satellite is not ao conspicuous as the interior of CasBinf 
(Tethys). It is visible only in the most powerful telescopes t 
be found in observatories. Professor Struve elates that wiH 
the Dorpat Refractor of nine inches aperture, the five old satel 
lites were readily distinguished in an illuminated field, but Bo 
celadus had only been caught occasionally in a dark field. Ml 
Lassell says it is instantly seen in his twenty-foot reflector, un 
der all tolerable circumstances, when within 40^ or 50" of U 
greatest elongation. Sir John Uerschet, on several occadoni 
has estimated it of the fifteenth magnitude. The author b« 
lieves he has seen it more than once with a telescope having ai 
object glass of seven inches aperture, but with this instrumsi 
it was only caught by glimpses, and could not have been pn^ 
eriy observed. Hence we may conclude, that a telescope of lefl 
than five incites aperture will stand but little chance of ahowiJ 
this satj^lliteat all. 

By the observations of Sir John Herschel at the C&pe i 
Good Hope, and those at Slough in 1789, the period of a dd 
real revolution appears to be Id. eh. 53ro. C'8s. From theol 
servationa of Sir W. Herschel alone, M.M. Beer and M&dlerfii 
B. period of Id. 8h. 53m. 2-7b., and consider the orbit as dra 
Inr in the plane of the ring, the satumicentric longitude of tl 
satellite on the 14th of September, 1789, at lib. 53m. ma 
time at Slough, being 67° 56' 26", The distance of Encel 
diis from the Centre of the primary is 152,000 miles, subtendil 
an angle of 34'38", when Saturn is at his mean distance 
the Earth. 

Mimas, the closest safallite, was diacovereil by Sir W. Her 
Bchel, with his forty-feet reflector, on the 17th of Septembei 
1789. Even with this grand instrument it is deeoiibed sb 



SATURN. 161 

" very small lucid point" It is the faintest object imaginable, 
as may be judged from the fact, that Sir John Herschel never 
saw it more than once with his reflecting telescope of twenty feet 
focal length, employed in his great survey of the heavens re- 
cently completed. Mr. Lassell has been more fortunate, but 
states that the difference in the degree of visibility of Enceladus 
and Mimas is almost incomparable, and under all but the most 
favorable conditions, the latter is an object of extreme difficulty. 
It is only the giant telescopes that are powerful enough for ob- 
servations of the satellites, and there are probably very few in- 
struments of less than seven inches aperture, which could give 
the least indication of it.* 

M.M. Beer and Madler have inferred from Sir W. HerschePs 
observations in 1*789, that the orbit is elliptical, the greatest 
equation of the centre being Y° 54', and the position of the 
perisatumium 104*42°. The period they assign is 22h. 36m. 
lY'Y05s., and the longitude of the satellite, as seen from Saturn 
on the 14th of September, 1*789, at 13h. 26m. mean time at 
Slough, appears to have been 264° 16' 36". Hence we find 
the real mean distance of the satellite from the centre of the 
primary to be 118,000 miles, subtending an angle of 26''78". 
When Mimas is at his greatest elongations, he appears about 
half the length of one of the ansae of the ring from its ex- 
tremity. 

The eighth satellite of Saturn, which has received the name 
Hyperion^ was discovered nearly simultaneously, by Mr. Lassell, 
at Liverpool, and by Professor Bond, of Cambridge Observa- 
tory, United States. Mr. Lassel caught his first glimpse of the 
satellite on the 18th of September, 1848, not far from the po- 

♦ The Rev. W. R. Dawes, with his excellent Munich refractor of 
6| inches aperture, has more than once obtained a favorable view of 
Mimas ; but then it must be remembered that this gentleman is one of 
the most practised observers of delicate objects that Europe affords. 
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HitJaa of Jspetus, and being uncertain whether it was tbat « 
lite or not, lie made a, drawing of the small utan anrroundin 
Saturn for re-esamination on llie next clear evening. O 
19th he was astonished to find that both stars had t 
uwsy from the positions tLey had occupied on the previoqi 
night, one of them having moved northward in conformity wi 
the orbital movement of Japetua, while the fainter of the t' 
remained in the line of the interior satellites, and seemed t 
hare drawn rather closer to the planet Mr. Lasselt was ahl 
to establish tLe fact of his having diecovered a new satellite oi 
the same evening, for he perceived a very sensible change in it 
position relative to the stan% which was decisive as to the natm 
of the object. Professor Bond saw this satellite for the fir 
time on the 16th of Sejitember, and describes it as a point c 
light, resembling a star of the seventeenth magnitude, in Q^ 
plane of Saturn's ring. A diagram was made for companBoi 
on another evening. On the ISth this object was seen and n 
corded again "with a doubt expreissed as to its character," (h 
the 1 9tli (the same night that Mr. Lassell verified his disoovei^ 
Professor Bond ascertained that the small star partook of tin 
retrograde motion of Saturn, and must consequently be a n 
satellite. Thus it appears that the discovery of this bodyshoub 
date from the evening of September 19, 1848, when its t 
nature was first determined by the English and Ameiicai 
astronomers. We have hut few instances of so close and ]« 
markahle a coincidence in the first detection of a heavenly boc^ 
The elements of Hyperion have not yet been accurately N 
certained. It appears probable, however, that the period d 
revolution round tlie primary does not differ much from 21^ 
4h. 20m., the apparent mean distance from the centre of SatuP 
being 213-3", indicating a real distance of about Q40,000inil4 
The orbit seems to he more eccentrical than in the case of an 
otherHatellite,tbeperiheUon poiutfalltDg in about SQe^longitiuJ 
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With regard to the diameters of the satellites of Saturn we 
know but little. Titan, the most distant but one of the eight, 
is however by far the largest. Sir W. Herschel saw a pretty 
considerable disc with a power of 500, and remarked that it 
appeared reddish. Professor Struve has also seen it as a small 
round disc about O'lb" in diameter, with the great telescope 
at the observatory of Dorpat in Russia. This estimation would 
give us 3300 miles for the real diameter of Titan, which is, 
perhaps, not far from the truth. The ruddy tinge may be in- 
dicative of an extensive atmosphere. The diameter of the 
closest satellite, Mimas, was judged by its discoverer to be about 
1000 English miles, and he remarked that Enceladus was larger 
than Mimas, but not quite equal to Tethys. The exterior satel- 
lite, Japetus, is next in size to Titan, and much larger than the 
interior ones. Schroter gave measures or estimations of the 
diameters, from which it would appear that Titan is 2850 miles, 
Japetus 1800 miles, Rhea 1200 miles, and Dione and Tethys 
500 miles in diameter ; the numbers for the closer satellites 
must be received with caution. 

Sir John Herschel has pointed out a curious relation between 
the periods of the four interior satellites of Saturn. The time 
of revolution of Mimas is half that of Tethys, and the period of 
Enceladus half that of Dione, 

The eclipses of the satellites are only visible to us at those 
times when the Earth is near the plane of the ring, and even 
then, as will be readily supposed, the most powerful telescopes 
would be required to observe them with any degree of certainty. 
Occultations of the satellites by Saturn were occasionally ob- 
served by Sir William Herschel, and one satellite has been seen 
to eclipse another, or approach so close to it that no dark line 
could be seen between them. These conjunctions of the satel- 
lites were frequently witnessed by the eminent astronomer jusi 
named. The interior satellites were seen projected on the edge 
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of tbe rin^ at the time tbe Earth was in its plane in tbe yet 
1789, and Sir W. Heraciiel made use of them as " 
ters," by which to estimate tlie thickness of the rings, his ob^ 
servations leading him to the conclusion that it was 
less than the diameter of either Mimns or Enceladus 

On the 2d of November, 1789, Sir W. Herechel observe^ 
11 transit of the shadow of Titan over tbe disc of tbe planet 
It appeared as a black spot, darker than the equatorial bell^ 
and was traced from the south preceding edge of the discnpti; 
Saturn's centre, where it arrived in about 2h. 10m. after it wtf 
first perceived on tbe planet's surface. 

It has been notified to the American Academy of Arte anj' 
Sciences that Professor Peirce was about to enter on an inveA^ 
tigation of tbe motions of the satellites, at present a great d 
sideratum. It would materially assist tbe practical aatronoiiieg 
were he in possession of t&bles of the satellites, sufBciently e: 
act to enable him to predict their phenomena within anjthiM 
like reasonable limits of error. 

The most ancient observation of Saturn which has descended 
to us was made by tbe Chaldeans, probably at Babylon, : 
year 519 of Nabonassar's period, on the 14th of the i 
Tybi, in the evening, when the planet was ohserved to h 
digits below the star in the southern v'mg of Virgo, known ti 
us as )" Virginia. The date given by Ptolemy, who reporfl 
this obsers-ation in his Almagest, answers to b.c. 228, March 1 

An occultation of Saturn by the Moon was observed i 
early as the year A.n. 503, at Athena. On the 2lBt of Fe6 
ruary, at llh. 44m. p.m., the planet was seen emerging froB 
the middle of the illuminated limb of the Moon. The oba_.^^ 
vntion is mentioned by Ismael Bullialdus in his Aitrononttl 
Philolaiea, and was copied fiom a Greek manuscript at tbk 
time, preserved in the BibUothcque du Roi at Paris, 
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PREVIOUS to the year 1781, the only planets known besides 
the one we inhabit were Mercury, Venus, Mars, Jupiter, 
and Saturn, all which are more or less conspicuous to the naked 
eye, and were recognized as wandering bodies from the earliest 
antiquity. Saturn was supposed to be the most distant mem- 
ber of the solar system, and very little suspicion of the exist- 
ence of any exterior planet was entertained. The close exami- 
nation of the heavens, commenced by Sir W. Herschel with 
his powerful telescopes in 1779, led however to a moat remark- 
able discovery, which almost doubled the extent of our system. 
On the 13th of March, 1781, between ten and eleven 
o'clock in the evening, while engaged in examining with 
his seven-feet reflector the small telescopic stars, near a 
brighter one called H in Gemini, Sir William noticed one 
which appeared visibly larger than the rest, and being struck 
with this circumstance, he applied high magnifying powers, 
with a view of ascertaining the true nature of the object, for 
the fixed stars are not proportionally magnified with high pow- 
ers, as are the planets and comets. The diameter was so much 
increased beyond what that of a fixed star should have been, 
that Sir W. Herschel immediately conjectured it to be a comet, 
and it was actually announced as such to the Royal Society on 
the 26th of April. Perhaps one reason which induced this 
great astronomer to adopt this conclusion was, the apparent 
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regular increase in the aienaured diameter of the oljject betwe 
March 13 and April 18; but we are nowce'rtain that ihiagra 
ual increase must have been owinnr to some optJcal decepti(A 
At any rate, Sir William seems to have had no idea at this tirt 
of the real nature of his discovery. 

On March 17 the new star was observed by Dr. MasfeelyH 
then Astronomer lioyal, who ia understood to have immediat 
expressed his suspiciou of i ts planetary- nature. It was seen 
M. Messier, at the Paris Observatorj,a montii later, or on Ap: 
17, and at Beriin by Professor Bode, on July 18, after whieh 
became an object of engTvjssing attention at all the observaii 
ries of Europe. 

As soon as a sufficient number of positions had been ( 
t^ned,' astronomers attempted to represent them byaparabo 
orbit, under the idea that they belonged to a comet situated 
a great distance from the Sun, The assumption being foui 
irreconcilable with the observations, M. Lexcll and others c 
culnted the orbit without this hypothesis, and speedily came 
the conclusion that its true form differed but little fromfldri 
the radius of which was about niceleen times theEartii'amei 
distance from the Sun, H.M, Eennert, Mechain, Lnlaiide, ti 
the President de Saron arrived at very similar resutt-s. % 
stranger was then recognized as a superior planet, next in ot6 
of distance to Saturn, and it was inferred that the period occ 
pied in one revolution round the central luminary must be abo 
eighty-two years. The observations of the first period of v 
bility, before the conjunction of the planet with the Sun, wfl 
sufficient to prove that the plane of ila orbit deviated but slight 
from that of the ecliptic, and that no very great eccentnd 
could eitiaL 

The reader must not imagine from what has been said i 
the manner in whicJi the planet was discovered, tlint we a 
indebted to accident for this addition to the members of ti 
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Bolar Bystetn. It is very likely true that little notion of finding 
ir planet was entertained liy Sir W. Herscliol, when 
;nceU his survey of the heavens, yet it must be re- 
Uemberod that this great aBtronomer was at work on a system- 
ic plan, which was followed up with a zeal and diligence no 
s the admiratiDn of his contemporaries, than an example in 

The name for the new primary planet was a stibject of some 
^DtentioD amongst astronomers. Sir W. Herschel, to whom 
belonged the right of selecting a Tiame, termed it the " Oeorgi- 
1 Sidui," in gratitude to George III., the munificent patron 
i sciencB. Continental astronomers were not disposed to 
e any but a mythological name, and Cybele, Atlas, Nep- 
0., were suggested. Professor Bode soon afterwards 
1 Uranus (the ftitbeT of Saturn), and this name gradu- 
i ground, notwithstanding a good deal of opposition. 
e insisted upon calling the planet Hei'schel in compli- 
ment to the eminent observer who bad brought it to light, and 
1 this he was fallowed by many cultivators of astronomy in 
Biis and other countries. The t«rm "Georgian" was snbsti- 
^ted by some persona in place of the longer name assigned by 
i discoverer ; aud the planet has beeu thus styled in our 
Wautiatl Almanac, until the appearance of tlie volume for 
, when it was rejected in I'avor of Bode's appellation 
f* Ufanus," which for a long time past has been in nniversal 
e amongst astronomers. This change we believe to have 
n made with the full consent of Sir John Herschel, the son 
f the great discoverer. 

The theory of the motions of Uranus occupied the atten- 

ion of tlie celobrated French geometer Laplace very soon after 

e detection of the planet in 1781. Various inequalities of 

Dug period were discovered, the amount of ellipUcity was de- 

ined, and the position of the liues of nodes and apsidea. 
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FiTinillner, Delambre, and other eminent calculatota, also ch 
pied themselves with the numencal elements and forro&tion ( 
tables, in order to predict the future positions of the planeL' 
In these computations they were not confined to observations 
taken since the actual discovery of Uranus by Sif W. HerecheL 
Ad soon as an approximation to the orbit had been obtained, it 
became a matter of great interest and importance k> ascert^n 
if Flamsteed or other observers in previous times haci cata- 
logued the planet as a fixed star, for if this were the ease, ths; 
date of the observation being recovered, the position noulj 
prove of the utmost value in assigning the eiiact eleraenta (^ 
the planet's orbit. A carefvil search was made with this objea 
in view, and it was found that the planet had been repeatedl]|i 
observed by Flamsteed at our Royal Obsei-vatory, and by Lw 
monnier at Paris, and was once observed by Tobias Mayer a 
Oottingen. Flamsteed saw the planet first on the 1 Sth of De 
cember, 1690, and entered it in his catalogue as the 34tl) sUt 
in Taurus. He observed it also on March 22, 1712, and 01 
February 21, 22, 2T, and April 18, 1715. Mayer took itfl 
transit over the meridian of Gottingen, on September 25, 1 7S& 
Lemonnier observed it no less than twelve times, and had 1 
reduced his observations as he made them, would in all probk 
bihtyhave detected the planet. The dates are October li.ai 
December 3, 17S0, January 15, 1764; December 27 and 8 
1708; January 15, 16, 20, 21, 22, and 23, 1769; and Da- 
cember 18, 1771. Thus, the planet Uranus had been observe! 
as a fixed star at least nint^teen times be£>re its real nature ws 
delected by Sir W, Herachcl. 

The length of a sidereal revolution of Uranus i 
S0686'7 days, or rather more than 84 of our years, accordin 
to the recent researches of M. Le Verrier. lis mean distand 
from the Sun is 1,628,07 1,000 milef. the least distance b^ng 
1,742,736,000, and the greatest 1,913,404,000, Bo that t 



oentricity caus&s a vanatjon ia length of the radius-vector of 
tout 170,806,000 miles. The plane of the orbit is very uoarly 
tfluncident with the ecliptic, the inclination being leaa thau 47'. 
The apparent diameter of the planet is subject to very little 
Change during the time it i$ visible from the earth, and hardly 
exceeds four seconds of apace, hut a.t a distance= 1, this diam- 
eter would subtend an angle of 78'4''. The real diameter of 
Uranus is therefore about 3^,000 miles. Professor Mfidler 
thinks he has detected a very considerable elhpticity in the form 
of the planet, and maliea the ratio of the equatorial to the polar 
I ten to nine, the axis being inclined at an angle of 
Hit lfi° 2Q' to the circle of declination (1843, Beptember 
Other astronomers, with more powerful telescopes, have 
ed io gaining any certain evidence of an apprecia- 
te difference in the diameters.* 
The disc of Uranus appears uniformly bright, and of a 
B color bat no appearance of spots or belts lias been per- 
For tliis reason, the time of asial rotation has not 
1 asoertftined, though it is probably not very widely differ- 
t from that of Jupiter or Saturn. No indications of a ring 
t double ring have been afforded by the powerful telescopes 
fi tiie present day. Sir W. Ilerschel hinted at the possibihty 
f inoh an appendage, but seems to have had little confidence 
e obfiervatJons which led him to make this suggestion. 

9 planet Uranus is accompanied by several satellitea 

h require very great optical power to render them visible. 

Ir William Herschel considered ha bad seen six of these little 

I, and was oblc to approximate very closely to the periods 

) out of this number, which are much more conspicuous 

3 rest. The' periodic tames of the other four were in- 

u Kepler's l^w, from estimated values of their mean 

r. 0. Btruve has informed me tmily that tbe grand refractor at 
era affiirds no (ndicalioos of elliptic Ity. 



distancea from the centre of the primary. The two satelliti 
with which wo are best aci^uaiutcd are usually denominatol 
the aecotid and ffntrih, the numbers being reckoned ii 
(if diataoce from the plaoeL 

Sir William Herschel states that he had frequently directs 
lurga telescopes to this remote object, before the ^ear Ifffl 
with the view of ascertaining if it were attended by satellita 
but the situation of the planet, in a part of the heavena clos^ 
studded with small stars, led to such continual disappointiDea! 
that he ascribed his failure to a 'want of sufficient light, a 
for a time relinquished the attempt. At the com: 
of the year 1787, Sir William found so great an advantflgo h 
the introduction of what he tenned the front vieie in 1 
powerful reflectors, when applied to the examination of ti 
nebulce, that he immediately concluded it would be attends 
with success if applied to the observations of his new pland 
and accordingly began a close scrutiny of the telescopic s( 
near it on the 11 th of January. On this, the very first e' 
that he attacked the planet with his improved means, h 
the two larger satellites which we have termed the second a 
fourth ; and a month's observations sufficed not only to 0( 
firm the discovery, but to give a very fidr idea of the patJ 
pursued by these distant bodies. Accordingly, on the llth d 
February, 1767, he announced bis success to the Boyal SooiQ^ 
and assigned the periodic times of the satellites 8J days, a 
13i days respectively. These approximations were pretty ne 
the truth, aa the following results obtained from long-continut 
observations will show : — 

I Stcand SaUUile. 

Period, accocdiDg to Sic W. HerscUel's later oh- 
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Br. Lamont, from measures taken at Mmiich d. 

Observatory, 8 

Mr. Adams, from the combination of all the ob- 
servations between 1787 and 1848, . . 8 

Fourth Satellite. 

Period, according to Sir W. Herschel's latest cal- 
culations, 13 11 8 59-0 

Sir John Herschel, by a comparison of observa- 
tions between 1787 and 1832, 

Br. Lamont, from Munich Observations, . 

The author, by comparison of observations be- 
tween 1787 and 1848, 

Mr. Adams, from the whole series of observations, 13 11 

Mr. Adams' numbers, which depend on a discussion of all 
the observations of the two Herschels, Dr. Lamont, and Mr. 
Lassell, up to the present time, must, of course, receive the 
preference. 

There is still a great deal of uncertainty with respect to the 
other satellites discovered by Sir W. Herschel at a later period 
than the second and fourth. The observations taken by that 
astronomer between the years 1790 and 1801 sufficiently es- 
tablish the existence of at least four additional satellites ; but 
it is doubtful whether they are definite enough to point out the 
correct times of revolution and mean distances from the planet, 
and hence the difficulty of identifying these objects from time 
to time. Sir W. Herschel assigned the following numbers, 
which, however, should be regarded rather as the results of 
calculation than as conveying any exact information respecting 
the true periods and elongations of the satellites, for it is evi- 
dent, from a consideration of the scanty data which Sir Wil- 
liam had to work upon, that he could not determine from them 
the exact elements, nor, indeed, does he affect to speak of his 
conclusions with any degree of confidence in either of his me- 
moirs on the subject : — 




These numbera being reetoned in order of distance froK^ 
the primary, it will be remarked that the orbit of the first bi 
plementary satellite is interior to that of the closest of th* 
two with which we are best acquaiuted ; that the second ait< 
the Ibt in intermediate, and the two others more distant front: 
Uranus tlian either of the old ones. 

The existence of an interior satellite is inferred &om Sir Wn 
Herschd'a observations on tlie 1 5th and 16th of February, 1198, 
On tlie 15th a very small star was seen in tbe line of greati; 
Qst northern elongation, which had moved away on the IStlu 
Another observation of a satellite supposed to be idendcal witlb 
this was obtdned on the ITth of April, 1801, at lOh. 30m.: 
it was at a great angle in the south preceding quadrant, about 
81°, and at half the distance of the tecimd satellite from ik^ 
planet's centre. On the following night no star was visible it 
the same position. 

The intermediate satellite was detected on the 26th o 
March, 1794, and was steadily seen more than two hours, A 
llh. 24mT Sir W, Eerachel noticed that it was much smallf 
tlinn the closest of the two older satellites, and in a line wit 
it and the planet : its position was in 59i° in the north follow; 
iiig quadrant. On the following evening it had moved aieay. 

The existence of tbe first of the exterior satellites wa 
sidered to be establislieil by an observation on the 9th of Feti 
riiary, 1 790, when a satellite was remarked at twice the <UstaBc 
of the fourth, and in a line with it and the planet ; the Rn^ 
of position being ei'S" south following. On the I2th, Kr \ 



iBerscbel ob^rved that the supposed satellite of the 9tU was 
knot in the place where it was then seen. Other obacrvatious 
)f thia object were made on Febnmry 26th, lT02, March 5th, 
|,JV96, and February 11th, 1798. 

The aiith, or most distant sateUite, was perceived by Sir 
■TV. HeiGchel on February 16th, 1798, at or near its greatest 
Btouthem elongation : it was described as excessively faint, and 
■Ihe least haze rendered it inmible. On the 18th, it had moved 
■awsy from this place, and had approached nearer to the pri- 
■ Dutry. At lib. 25m. p.m., mean time at Slough, the angle of 
Kpoution was 809' south preceding. Two previous observa- 
l&nB,on February 28th, 1T94, and March 28th, 1797, were 
Rnpposed to refer to this satellite, but it^ existence was hardly 
l«BtabliBhed till February 1798. 

Sir John Iletschel repeatedly observed the second and 

b aatflUitea between the years 1828 and 1832, but did not 

oceed in recovering any of the supplementary ones. Dr. La- 

Mnt commenced n course of observations on the two brighter 

btellites with the view of determining the mass of the planet 

Uranus with greater accuracy, and on one occasion, in October 

K2887, he discovered a very faint object, which he considered to 

a the most distant of the HerBchelian satellites, though, for 

Bat of later observations, ho could not speak positively as to 

a identity. Sir John Herscbel used his twenty-feet reflector, 

{•rith which his surveys of the heavens have been made. Dr. 

[^mont employed the great refracting telescope at the Royal 

Observatory of Munich, which has a clear aperture of ten 



The more recent observations of Mr. Lasscll at Liverpool, 
Snd Mr, Otto Stnivo at Pulkova, near St. Petersburg, appear 
d decide the existence of at least two satellites within the orbit 
chel's aeeond, or the closest of the brighter ones. 
During the latter part of the year 1847, both observers paid 
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parliculnr attention to tbeir measures of these aatellitea, t 
searcheJ carefully for the others. Mr. Lasaell repeatedly 
served another one on the northern side of Ui'anus; and 
Otto Struve also detected a third satellite, which, singuls 
enough, was invariably observed on the southern side of 
planet. In the whole seriijs of observations at Liverpool ; 
Pulkova, only one night ia wmmon to both, and this w» 
unfavorable at Liverpool, that the faint satellite of Mr. Stniy 
might have been easily overlooked. Mr. Lassell's satellil 
would seem to have a periodic time of 2d. 2h, 3flra. 36b 
agreeably to the calculations of the Rev. W. R. Dawes, vBitl 
the obsevvationa of Mr. Otto Struve'a can only be satisfied b 
a period of 3d. 32]i. 8m. 35a. Mr. Lassell noticed a aatallit 
on September 27th, 1845, which seems very Hkely to hM 
been identical with that recognized again by Mr. Otto StrUI 
on October 8th, 1847 ; and, in fact, it was by assuming tl 
observations to belong to the same object that the above perioi 
was inferred. It is probable that Mr. Lassell's satellite dia 
appears (at least to tho most powerful telescopes of the p 
day) when it is in tho southern portion of its orbit, as Hx 
Otto Struve's does in tho northern, but this can only be decidai 
from further observations. 

Oa the 6th of November, 1847, Mr. Lassell observedc< 
satellite at about 10" distance from the planet, and almi 
precisely opposite to that of the second of Sir W. Herschc 
list It is shown by the Kev. W. K. Dawes that this obji 
could not have been either Mr. Lsssell'a or Mr. Stnivt-'a satellite 
but that its orbit is probably intermediate, its greatest distano 
being 15j". It is true, in this case, we have only a single ob> 
sen-ation to depend upon, and it may seem liaaardons to fbra 
any opinion therefrom ; but the night of N'ovember 6th 
unusually fine, and the planet was viewed for more than twi 
hours, during Which interval this supposed satellite was earriet 
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along with it Hence Mr. Dawes thinks it is probable that 
there are three satellites interior to the second of Sir W. Her- 
Bchel, at apparent mean distances of 12", 15" and 18".. If 
any one of these be the same as the interior satellite of that 
astronomer, it would appear most Ukely to be that detected by 
Mr. Otto Struve, which revolves in 3d. 22h. 8m. 35s. 

From what has been here stated, the reader will easily un- 
derstand that a considerable degree of uncertainty still attaches 
to this question ; not per£aps so much in reference to the num- 
ber of satellites as to their relative mean distances from the pri- 
mary. As Uranus is becoming every year more favorably loca 
ted for observation in this hemisphere, it is to be hoped that 
the great telescopes now found in so many observatories will 
clear up all doubts, and place us in possession of something 
like a fair estimate of the number and movements of his atten- 
dants. 

The mass of Uranus has been inferred from observations of 
the two brighter satellites, whose elongations from the primary 
have been repeatedly measured, with this object in view, by Sir 
W. Herschel, Dr. Lamont, Mr. Lassell, and Mr. Otto Struve. 
The recent calculations of Mr. Adams, founded upon their data, 
mdicate that the Sun^s mass exceeds that of the planet in the 
ratio of about 21,000 to 1, and this result is undoubtedly a 
close approximation to the truth. M. Bouvard had made it as 
17,918 to 1, from the perturbations of other planets by Uranus ; 
but this being considered too large, Dr. Lamont was induced to 
undertake a course of observations in 1837, from which he con- 
cluded the ratio of the masses as 24,605 to 1. It will be re- 
marked that the value assigned by Mr. Adams is intermediate 
to the numbers of M.M. Bouvard and Lamont 
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TlIE tables of Uranus at present employed in tbe calculation 
of the planet's apparent positions were composed by M. 
Bouvard of Fans, and published in tho year 1821. In tbe for- 
mati(Hi of these tables, M. Bouvard wished to combine the 
ancient observations of Flamsteed, Le Monnier, &e^ with the 
nbole series between 1761 and 1820, and thus produce the 
means of predicting the future places of the planet, from a study 
(rfita motion through a period of 130 yeare. But in the CDiine 
of this investigation an unexpected difficulty was encountered. 
M, Bouvard found it impossible to represent the whole of tha 
observalioRs, ancient and modem, by one elliptic orbit, eveii 
after a consideration of the disturbances due to the action of 
Jupiter and Saturn, as indicated by the formulfe of Laplaoe. 
At the time, there apjteared to be no satisfactory explanation of 
this discrepancy, and the able astronomer preferred abandoning 
the old observations altogether, and founding his tables on the 
positions from 1781 and 1820, which could be fairly reconciled 
with an elliptic orbit, with proper allowance for tho perturl>a- 
tions produced by known planets. This curious anomaly excited 
no further remark amongst mntbematicians for some few yews 
after the publication of the tables; but in the year 1828, ihe 
Cambridge observations of Uranus showed a very sensible di^ 
■ferenee between tLo planet's true places and those calculated 
fivm theory. Tho circumstance had evidently attracted 1 
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Bouvard's attention ; for in a letter written in November, 1834, 
by the Rev. T. Hussey to Mr. Airy, then Plumian Professor at 
Cambridge, it is stated that the French astronomer had been 
led to suspect the existence of an exterior planet to Uranus in 
order to account for the discordances, an idea which had also 
occurred to Dr. Hussey himself. Some correspondence had 
taken place on the subject between Mr. Airy and Mr. Eugene 
Bouvard, nephew of the author of the tables, in the course of 
which the former gentleman expressed an opinion to the effect 
that, if the differences between calculation and observation arose 
from the action of an unseen planet, it would be a matter little 
short of an impossibility ever to ascertain its place in the heav- 
ens. The excessive difficulty of the problem, afterwards so un- 
expectedly solved, will be readily imagined after this dehberate 
opinion from one of the highest geometers of the day. 

Early in the year 1843, Mr. Adams, of St. John's College, 
Cambridge, commenced an examination of the theory of Ura- 
nus, and after satisfying himself that the errors of M. Bouvard's 
tables could neither be ascribed to oversight in calculation, or to 
corrections required by the pure elliptic elements of the planet's 
orbit, he directed his attention to the probable effect of a more 
distant planet, and succeeded in obtaining an approximate solu- 
tion of the inverse problem of perturbations^ in which certain 
observed disturbances are given, to find the positions and path 
of the body producing them. In this first solution (which it 
must be remarked was a grand step in the inquiry), Mr. 
Adams assumed that the unseen planet moved round the Sun 
in a circular orbit, at twice the mean distance of Uranus, and 
his results were so satisfactory as to induce him to enter upon the 
subject again, starting from more complete data, and working 
out the problem without any hypothesis respecting the form of 
the orbit. An application was made to the Astronomer Royal 
(Mr. Airy), through Professor Challis, for some quantities fbr- 

8* 
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nished by the Greenwich observations of Uranus, and, in reply, 
the whole of the heliocentric errors in longitude and latitude, 
between 1754 and 1830, were placed at Mr. Adams' service. 
From these data, and the ancient observations of Flamsteed, he 
started afresh, and, in October 1845, communicated to Mr. 
Airy the result of his second, and more complete investigation. 
He remarked that the observed irregularities in the motion of 
Uranus might be explained by supposing the existence of a 
more distant planet, the mass and orbit of which were as fol- 
lows : — 

Mean distance from the Son, assumed nearly in 

accordance with Bode's law 88*4 

Mean longitude on October 1st, 1845 .... 323'34<' 

Longitude of the perihelion 315*56° 

Eccentricity of the orbit 01610 

Mass, that of the Sun being called 1 .... 00001656 

The Astronomer Royal replied to Mr. Adams' communica- 
tion on November 5th, 1845, observing that these numbers 
were very satisfactory, and further inquiring whether the as- 
sumed perturbation would explain the error in the distance of 
Uranus from the Sun, which had become very considerable, and 
was first pointed out by Mr. Airy, in 1836. From some acci- 
dental cause, no immediate answer to this query was sent ; but 
Mr. Airy states, that had he received an aflBrmative reply, he 
should at once have exerted all the influence he might possess, 
either directly or indirectly, through Professor Challis, to pro- 
cure the publication of Mr. Adams' theory. As it happened, it 
was not printed until a twelvemonth after this time. 

In the summer of 1845, M. Le Vei-rier, the eminent French 
mathematician, turned his attention to the anomalous move- 
ments of Uranus, being entirely ignorant of the researches al- 
ready commenced by Mr. Adams. In the *^ Comptes Bendui^ 
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of the Institute of Paris for November 10th, 1846, appeared a 
most valuable memoir by M. Le Verrier upon the theory of 
Uranus, as regards the perturbations produced by the planets 
Jupiter and Saturn. He determined at the expense of a vast 
amount of labor, the precise eflfects to be attributed to the action 
of each of these bodies, and after carefully comparing his new 
theory with the observations, ancient as well as modern, he 
announced, as the principal result of his investigation, that the 
anomalies in the motion of Uranus could not be explained, on 
the principles of gravitation, vrithout admitting the existence of 
some extraneous influence. 

On the 1st of June, 1 846, M. Le Verrier published in the 
same periodical his second memoir on the planet, the first part 
of which contained a discussion of nearly all the existing obser- 
vations of Uranus, in reference to the corrected theory of per- 
turbations given in the former paper : the result of this great 
labor was to prove beyond the possibility of doubt that the 
movements of the planet were affected by some external action, 
and M. Le Verrier accordingly proceeds to examine in the sec- 
ond part of his memoir the various explanations of the irregu- 
larities that might be suggested. Could they be due to the 
Mure of the law of gravitation at the great distance of Uranus ? 
This idea the eminent mathematician rejects as too improbable, 
all previous suspicions of the kind having ultimately tended to 
confirm that law. Could they be owing to the action of a great 
satellite accompanying the planet Uranus ? In this case the 
discordances should pass through regular variations of magni- 
tude in a certain period, the extent of which would be pretty 
easily determined from a long and continuous series of observa- 
tions. But the errors of the theory followed no such law of 
change. Had a comet at some past time impinged upon Ura- 
nus, and changed its orbital velocity and direction of motion ? 
To this question M. Le Verrier replies that the observationB be- 
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tween 1T81 and 1820 could be very well represented without 
having recourse to any extraneous action, bo that the disturb- 
ing force, of whatever kind it might be, had eserciaed no viaibfe 
influence during that interval. But then the theoiy which 
would be reconcilable with observations between 1781 and 
1820 should also be compatible either with the observatioDa 
previous to the year 1781, or subsequent to 1820, yet it had 
been sliown that neither the earlier or the later series of por- 
tions oould be brought into agreemcDt with it. A single colli- 
sion with a comet would not, thcrefive, explain the anomalous 
movemonta of Uranus. There remained only the hypoOieMS 
of an unseen planet of considerable mass, and on this point M. 
Le Vcrrier observed it must be situated exterior to the orbit of 
Uranus, or it could not fail to produce some appreciable effect 
upon the motion of Saturn ; whereas nothing of the kind could> 
be detected. Consequently, admitUug the existence of 
terior planet, it would be necessary to place it at such a di»- 
tance that the Saturnian system should not be influenced by it. 
in any sensible degree, though not so remotely distant 
preclude the possibility of its exercising a very powerful attrac- 
tion upon Uranus, M, Le Verrier, partly guided by Boda's' 
empirical law of distances, though without adhering stricdy tO' 
the indications of that law, and further observing that the per- 
turbations in latitude produced by the diatm-bing body were 
very insignificant, proposes the following question ; — " Is it pOB-, 
sible that the inequalities of Uranus are due to the action of t, 
planet situated in the ecliptic, at a mean distance double thi 
of Uranus ? If so, where is the planet actually situated, w1 
are its mass and the elements of the orbit it describes }" Thisi 
'intricate problem M. Le Verrier resolves in his memoir of Jnnt 
1846, Now, if we could determine for any time the variation, 
due to the action of a' planet of unknown mass, we might s»i. 
certain immediately the direcdon in which Uranus would b«. 



attracted, id conB«qiience of the continuous action of Lbe <iis- 
. turlnog body, nnd lience wo abould also find tbe position of 
tbis body amongst the etars. But M. Le Verrier ehows that 
the problem is very far from presenting itself thus simply. The 
direct determination of the effect of the disturbing plnnet was 
not possible unless we could ascertain the exact orbit irhich 
Uranua would describe if uninfluenced by it, and this there are 
no means of discovering unless we are acquainted with ibe pre- 
cise amount of the perturbations. It was impossible to resolve 
the problem into two distinct heads, tbe determination of the 
elliptic elements of Uranns, and of tbe planet to which the ir- 
regularities in the motion of Uranus were referable. The 
titetbod adopted by tbe eminent mathematician, in his re- 
searches, was to assume the planet located in diiferent parts of 
the ecliptic, and to calculate the amount of alteration which it 
would produce in the longitude of Uranus at each of these dif- 
ferent points. The computations were executed for every tenth 
of a quadrant, or for every ninth dep^e ; the results showed 
that in one position of the disturbing body its effect upon the 
longitude of Uranus would be excessively great, while in an- 
other pofiiiion it would vanish entirely, and thus M. Le Verrier 
was led to that precise part of the heavens where it was neces- 
sary to place the perturbing body in order to represent com- 
pletely the anomalous motions of Uranus. He concluded that 
tbero was only one region of the ecliptic, where the unseen 
planet could be located, and further, that the observed irregu- 
larities might be perfectly explained, if the existence of a planet 
in that region were admitted, its mean distance from the Sun 
being about double that of Uranus. Taking the 1st of Janu- 
ary, 1847, as an epoch, M. Le Verrier announces as the princi- 
pal result of bis researches that tbe heliocentric longitude of the 
disturbing body would be 325°, and this position could hardly 
be in error to the extent of 10" one way or the other. In an- 



IBS 



TBS m 



8wer to a question from Mr. Airy, M. Le Verrler afaowa that the 
errors in tlio radii- vectorea of Uranus are fiilly esplMned by his 
theory, or rather, we should say, disappear allj^ther on its 
application. A1x>itt a week after the receipt of this reply, or on 
the Dth of July, 1846, Mr. Airy wrote to Professor Ghallis at 
Cambridge, inquiring whether he could undertake the search 
for the disturbing body, the exiBtence of which now appeared to 
be plawd beyond doubt. Professor Challis having at command 
one of the largest refracting telescopes in this country, the gift 
of the Dako of Northumberland to the University, Mr. Aiiy 
considered he would possess the means most likely to lead to 
the discovery of the planet if it were faint, as was generally an- 
ticipated by those astronomers who had seen the memoir of U. 
Le Verrier. In answer to Mr, Airy's inquiry the Professor ex- 
pressed his intention of commencing a. strict search at once ; 
the examination to ha extended over a part of the heavens 30° 
long, in the direction of the ecliptic, and 10' broad. The 
necessary observations were begun on the 20th of July, and 
continued dnring August and September. 

Id the Comptea Retidua of the 3 let of August there ap- 
peared a third memoir on the inequalities of Uranus by M, Le 
Verrier, which is truly a most wonderful production. lu the 
first invesligatiou the mean distance of the dlaturbiug planet 
was announced to be twice that of Uranus ; in the second it Ja 
considered one of the unknown elements, and results directly 
from the solution of the equations, from which the {xiaition of 
the planet and the other orbital quantities are found. All the 
ancient observations of Flamsteed, Le Monnier, Bradley, and 
Mayer, are combined with a great number of modem positiooa 
between 1T8I and 1845 ; and, after many unsuccessful ab- 
tempta, M. Le Verrier finally completed the solution of the 
problem which be had propounded in June, 1846, and gave 
the following elementa of the orbit of the latent planet : — 
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Mean distance A*om the Sun or semi-axis major . 36*154 
Duration of a sidereal revolution .... 217*387 yrs. 

Eccentricity 0*10761 

Longitude of the perihelion 284° 45' 

Mean longitude on the Ist of January 1847 . . 818° 47 
The most probable value of the mass ' . . . l-9300th 

From these numbers the true position of the planet at the com- 
mencement of the year 1847 was found to be 326° 32'. Hav- 
ing given these important results, M. Le Verrier proceeds to 
limit the space over v^hich the search for the suspected planet 
should be extended, to make sure of including the true posi- 
tion. The limits depended on the possible variations of certain 
quantities on which the elements of the orbit were based, and 
are stated to be 321° and 335° of heliocentric longitude. But 
M. Le Verrier expressly mentioned that he considered the posi- 
tions remote from 326° 32' as possessing little probability, and 
advised observers to begin their search for the latent body at 
the point immediately resulting from the solution of the prob- 
lem, extending it on each direction as might be found necessary. 
He further gave it as his opinion that the planet would present 
a disc, of about three seconds diameter, or suflSciently large to 
be readily detected with some of the larger telescopes employed 
in observatories. Throughout the whole of this memoir M. Le 
Verrier speaks most confidently of the result of his prediction : 
he had pointed out to astronomers the only way in which the 
anomalous movements of Uranus could be explained ; he had 
solved all the mathematical difficulties attending it, and finally 
published to the world the position and appearance of the latent 
planet in the heavens, thus leaving little to be accomplished in 
its actual discovery. 

On the 2d of September, 1846, Mr. Adams addressed a let- 
ter to Mr. Airy (who happened to be absent from England), 
giving a further account of his researches on the irregularities 
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of Uranus, and the results of another solution of the inverse 
problem of perturbations in respect to these observed anomalieat' 
Id the first attempt the mean distance of the disturbing body^ 
was supposed to be double that of Uranua ; in this new invea-' 
tigation it was somewhat diminished, and tlie agreement be^t 
tween theory and observation was found to be more satisfaclory 
than before. Mr. Adiiius then shows from calcitktions that the 
errors in the distances of Urnnus from the Sun, pointed out bj 
Mr, Airy, were destroyed or nearly so by admitting the exist- 
ence of a planet with the clemcnls he had assigned. Thcj^e e1e-i 
nients on the second hypothesis as U> mean distance were ai 
follows ; — 

Metin longitniJe of [ilinet, Ist October, 1846 , 323° 2' 

Longitude ofPerihelion 299-11 

EocBHtricity 012062 

Mosa (that or the Sun being called 1) . 



The ratio of the mean distance of Uranus to that of the disturb- 
ing planet is considered to be as 0'515 to 1. 

In concluaon, Mr. Adams states that he was " employed ia 
discussing the errors in latitude, with the view of obtaining aa 
approximate value of the inclination and position of the node 
of the new planet's orbit ;" but he expressed doubts as to Ihft 
probability of any results to be derived from them ii 
quence of their being very small. A rough calculation tuada 
some time before had indicated that the line of nodes « 
fall at about 300° and 120" of heliocentric longitude, the ft 
mer being the place of the ascending node ; and, further, iba^ 
the plane of the orbit of the new planet would he rather largebi 
inclined to that of the ecliptic. 

On the evening of the 23d of September, 1846, Dr. ( 
one of the astronomers of the Koyal Observatory at Berlin, i 
ceived a letter from M. Le Verrier, containing the latest n 
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L of bis analysis, and strongly urgiag him to employ tlie great 
m telescope at his command in a search for the planet. It so hap- 
B ^ned that the Berlin Academical Chart for the 21at hour of 
H right aseenaion had beeu completed by Dr. Bremicker, and aa 
W the map contained every star to the 9-10 magnitude inclusive, 
r which was visible witbia 15^ of the equator, north and south, 
I and between 315^ and 330° of right ascension, the r^on of 
I the heavens to be examined on M. Le Yerrier's recommenda- 
I tion was included upon it, and nothing but a comparison of the 
I mBp with the sky was required to delect the planet, if it eiisted 
F m the predicted position, and equalled in brightness a star of 
I between the Sth and lOtb mngTiitudea. Dr. Galle, therefore, 
I took advantage of a line evening on the same day that M. Le 
I TwTier's letter arrived, and very soon discovered an object re- 
I Bembling a star of the 8th magnitude, near the place indicated 
K by theory as that of the disturbing planet. This object was 
fe not marked upon Dr. Bremicker's map, and observaUons were 
Hfherdbre commenced at once, with the view of detecting any 
Rtiiange of place. After about three hours, it appeared that the 
Bnght ascension had somewhat diminished, though the alteration 
H^u hardly sutHcient to jitstjfy the immediate announcement of 
Bn planetary discovery. But the following evening, at eight 
^^'(dock, the object had retrograded more than four seconds of 
time, and there remained no further doubt of its being a pknet ; 
nor, considering the proximity to M. Le Verrier'a place, could 
there bo any hesitation in pronouncing it the very body which 
I liad caused the im^larides in the movements of Uranus. On 
I tifi 25lii, Dr. Galle consequently wrote to M. Le Vtrrior, in- 
Bfitrming him of his discovery of the latent planet, and stating 
^ the results of some measures of its diameter by himself and 
Irofessor Encki', which assijoeJ about 2-J seconds of space, 
thus confirming, in the moat remarkable manner, the predic- 
. Uons published by M. Le Verrier on the 31st of August. The 
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obsen-ed longitude of the planet on the 23il of BeptembeT, at 
midnight, nna 325° 52'S', and the diurnal motion in lon^tude 
74", while the numbera computed from the theofy wore 334° 
58' and 69". Thus the error of prediction was less than 1° in 
the geocentric longitude, and the close accordance of the diur- 
nal tnotious showed that the distance M. Le Verrier had given 
could not be very far wrong. The news of this gi'and discovery 
soon spread throughout Europe ; it was known in England oo 
the 30th of September, and about the same day in Paris ; but 
M, Le Verrier does not appear to have received any intimation 
till Boroe days afterwards that our countryman had employed 
himself in similar reseatches to those, the success of which now 
astonished the astronomers of Europe. The investigations of 
the two gentlemen were consequently entirely independent of 
each other ; both had remarked the apparent errors in the ex- 
isting theory of Uranus, and sought to explain them on the 
same assumption, but the direct discovery, on the 23d of Sep- 
tember, of the planet which thus gave evidence of its exiBt«Dct>, 
was owing to the letter of M. Le Verrier to Dr. Galle. 

We have already stated that Professor Challis commenced 
a search for tli6 planet on the 29th of July, 1846. At this 
time the publication of the Berlin Academical Chart fur hour 
ra. was unknown in England, and the Profefaor was therefore 
under the necessity of forming his own map, wliich was to de- 
pend on observations taken in the following manner : — Em~ 
ploying the great Northumberland telescope erected in tlt« 
grounds of Cambridge Observatory, the positions of all stare 
to the eleventh magnitude, inclusive, that could be conveniently 
taken as tliey passed through the field of the telescope, were 
first noted down ; the magnifying power used gave a breadth 
of field about 0'. In some parts of the heavens, where the 
stars existed in great numbers, some few were necessarily 
passed over; but as it was important to secure the exact 
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positions of every star to the eleventh magnitude, the same 
zone was gone over a second time, the instrument being used 
OB another method, which allowed more time for recording the 
places of the stars. The observations made on the second oc- 
casion being intended to include all stars observed in the first 
sweep, the planet would be readily detected if any star noted 
down in the first examination had altered its position. But as 
many new stars might be observed the second time. Professor 
Challis proposed going over the zone once more, to make quite 
sure of the planet's discovery, if it really existed in the pre- 
scribed region of the sky. Observations were taken on July 
30 and on August 4 and 12 ; the zone examined on the latter 
day being the same that was observed on the 30th of July. 
A partial comparison of the results on those two days showed 
that the plan of observation was effectual, and the search was 
continued till the 29th of September ; but the further com- 
parison of the observations was deferred until the close of the 
season. Professor Challis little suspecting, as he has since stated, 
that " the indications of theory were accurate enough to give 
a chance of discovery in so short a time." On the 29th of 
September, the second memoir of M. Le Verrier came under 
his notice ; and struck with the manner in which the French 
mathematician limited the region to be examined, and with his 
recommendation to endeavor to detect the planet by its disc. 
Professor Challis changed his plan of observation on the eve- 
ning of the same day, and out of 300 stars, singled out one 
which appeared to him to have an appreciable diameter, and 
was noted down for a second scrutiny on the next fine night. 
On the 1st of October the news of Dr. Galle's discovery reached 
Cambridge Professor Challis had recorded the places of 
3150 stars, and was making preparations for mapping them; 
but he was not aware at the time whether the planet was 
amongst them or not. Soon afterwards, on continuing the 
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comparison of the obsen-ations of July 30 and August 12, it 
was found that a Btar of the eighth magnitude in the seriea of 
Augiiat 12 was wanting in the zone of July 30, and, ac- 
cording to the principle of the search, it should be the planet. 
This was really the case ; it liad advanced into the zone during 
the interval between July 30 and August 12. The tbrmer 
compartBon had been extended only to the star lio. 39, wbereaa 
the planet was No. 49. Thus an opportunity of announcing 
its discovery was lost. A further discussion of the observatdotu 
showed that the planet had been observed also on Ang^ust 4 \ 
BO that two early places had beensecnred; and on carrying 
forward the positions from September 23d to 2dth, Professor 
Challis ascertained that the object he had singled out OQ the 
latter evening, as presenting a measurable disc, was no otbec 
than the planet of nhich he was in search. 

Mr. Adams communicated the results of his oalcuIatkniBi 
to the Royal Astronomical Society in November, and theTi 
were printed as a Supplement to the Nautical Almanac fiw 
1B51, in December 1846. M. Le Verrier gave his analytical 
computations in detail, in an appendix to the Connaissartee des 
Temps, but the principal conclusions had been published, sa 
we have seen, some months before the planet was detected by 
tbe telescope. 

A good deal of discussion look place with regard to a nBme< 
for the iiewly-diacovered body. Dr. Galle suggested Jam 
which M. Le Verrier opposed, as being too eigniScative : aodi 
after other appellations had been proposed (including the namw 
of the illustrious mathematician whose recondite researches had, 
led to the actual discovery of the planet at Berlin), astronometSil 
generally called it Neptune, the name first mentidled by tta' 
Bv,reaa des Longitudes, and approved by M. Le Verrier him- 
self. 

Such is the history of this most brilliant disooveiy, Ilift 
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grandest of which astroDomy can boast, and one that is des- 
tined to a perpetual record in the annals of science — an aston- 
ishing proof of the power of human intellect. 

It is very possible that there may be a considerable number 
of satellites attendant upon Neptune; but owing to the re- 
moteness of the planet, astronomers have succeeded in observing 
with certainty only one of them, which was discovered by Mr. 
Lassell of Liverpool, with his great reflecting telescope, in OcA- 
ber, 1846, or very shortly after the first detection of the planet 
by Dr. Galle. It was so faint as to require a sky of the utmost 
purity, and the full aperture of the telescope, to render it stead- 
ily visible. In the summer of 1847, Mr. Lassell ascertained 
that the periodic time would be about 5d. 21h., and the great- 
est apparent elongation from Neptune's centre about 18", or 
little more than six diameters of the primary. He also discov- 
ered that the satellite is much brighter when it precedes than 
when it follows the planet in right ascension, a phenomenon 
which obtains in the Satumian system, and seems to indicate 
that the time of rotation of the satellite upon its axis is equal to 
the periodic revolution round Neptune, as in the case of our 
Moon. Mr. Otto Struve found the satellite at the Central Rus- 
sian Observatory of Pulkova, on the 11th of September, 1847, 
and in the following month it was discerned by Professor Bond 
of Cambridge, U. S., with a telescope of the same dimensions 
as that of Pulkova. The American astronomer states that he 
has gained pretty strong evidence of the existence of another 
satellite, fainter and more distant from the primary than Mr. 
Lassell's, but never having succeeded in procuring consecutive 
observations, the reality of this second discovery is not fully 
confirmed. 

A discussion of all the observations of the satellite up to the 
end of 1848, shows that the orbit is inclined at an angle of 
about 30° to the plane of the ecliptic, which it intersects in 
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120^ and 300^ of longitude. The apparent semi-axis major, as 
seen at the distance 30, appears to be 16*75", so that the real 
mean distance of the satellite from Neptune is 232,000 miles, 
or not very different from the interval which separates the Moon 
from the Earth. The time of a sidereal revolution of the satel- 
lite is 5d. 2 lb. Ora. I7s., according to Professor Bond, or ex- 
actly 5d. 21h., agreeably to an investigation by the author, 
^ewed from the Earth, the orbit appears an ellipse, with the 
longer axis three times the breadth of the lesser one ; but the 
true path of the satellite is not far from circular, and the ellip- 
ticity of the apparent orbit is consequently owing to the small 
inclination of its plane to our line of vision. 

The satellite is estimated to be equal in brightness to a star 
of the fourteenth magnitude. 

The mass of the planet is not yet accurately known. The 
excessive difficulty attending observations of the satellite, and 
the manifest discordances between the measured distances of 
different observers, tend to throw some degree of uncertainty 
upon any conclusions we may deduce from them. Still, there 
is no doubt that we have already approximated to the correct 
value of this important element The theoretical method has 
hardly received rigorous application at present, but the observa- 
tions of the satellite furnish us with the following results : — 

Mr. Otto Struve, from the Pulkova measures, 1-14494. 

Professor Peirce, from the observations by Messrs. Lassell 
and Bond, 1-18780. 

Professor Bond, from his own observations, 1847-48, 
1-19400. 

The author, by a combination of all the measures, 1-17900. 

At present it appears probable that the mass is somewhat 
larger than in the case of Uranus, and perhaps we are justi- 
fied in stating that it can hardly be greater than 1-15000, nor 
smaller than 1-20000. By assuming that the mass of the 
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Sun exceeds that of Neptune 18,000 times, no great error can 
be incurred. 

Mr. Lassell, with his twenty-feet reflector, and Professor 
Challis, with the great Northumberland telescope, have at va- 
rious times suspected traces of a ring similar to that surround- 
ing the planet Saturn, and at present seen nearly edgeways. 
Professor Bond, of Cambridge, United States, who has under 
his direction one of the largest refracting telescopes in the world, 
announces that he has repeatedly seen some kind of luminous 
appendage to the planet, similar to what might be supposed to 
be the appearance of a thin flat ring, but he does not profess to 
say positively whether the phenomenon is really due to this 
cause, or whether it be owing to close satellites, which very 
probably exist, or to some optical illusion. It is understood that 
the astronomers of Pulkova, in Eussia, who are in possession of 
an instrument precisely similar to that of Cambridge, United 
States, have not yet succeeded in observing any appearance 
such as would lead to the suspicion of a ring. The question 
will most likely remain undecided until the planet rises in decli- 
nation in the course of a few years' time, so as to allow the 
gigantic reflecting telescopes to bear upon it advantageously. 
We find Mr. Lassell's present opinion to be less in favor of the 
existence of a ring than formerly. 

After the discovery of Neptune, it became a matter of im- 
portance to ascertain if any observation of the planet existed in 
the catalogues of stars formed in past times. Professor Bessel 
and M. Lalande have deteimined the positions of a great num- 
ber of stars in the northern heavens, but at the time the former 
astronomer was occupied with his observations, Neptune was 
always south of his limit of declination ( — 15°), and conse- 
quently could not have been included in any of the zones ob- 
served at Konigsberg. Lalande, on the contrary, might have 
seen the planet, and, in fact, did so on two occasions, May 8 and 



192 THE SOZJLB BTSTEM. 

10, ITOS, as waa discovered almost simultaneously by Dr. 
Telersen, of Allona, nnd Mr. Sears C. Walker, of Philadelphia. 
These observations, combined with the recent ones, have enabled 
astronomers to approximate much mom closely to the true de- 
ments of the planets, than they could reasonably have expected 
to do from modern observations only. The most exact deter- 
mination of the orbit is due to the American astronomer just 
named, nho has devoted much of his time and attention to 
the subject. The planet's mean distance from the Sun is 
2,862,457,000 miles; the eccentricity is comparatively small, 
and produces a variation in the length of the radius-vector of 
not more than 40,040,000 miles. The sidereal time of revolu- 
tion is 60120-71 days, or ratber more than 164i yesis, which 
is very nearly double the period of Uranus. The planet is near- 
est to the SuD, or iu perihelion when its heliocentric longitude ia 
in 47^ liS', and traverses the plane of tlie ecliptic at the ascend- 
ing node in longitude 1 30° 7 ', the orbit being inclined to the 
Earth's path at an angle of 1° 47'. 

The author has lately found three observations of N'eptune 
as a star, by Dr. Lamont, at Munich, before its actual recog* 
nilion as a planet by Dr. Galle, viz,, on the 25th of October, 
1845, and the 7th and 11th of September, 1846. The last 
observations were probably in consequence of a search com- 
menced on the announcement of M. Le Vorrier's remarkable 
results in the Comptes Mendua of the French Institute.* 

* The only collection of observations in which there appears now* 
probability of discovering an observation of the planet Neptune prior 
to the commencement of the present century, is that of M. Le Monnier, 
whose mannacripts are uodcrstood lo l>e preserved at the National Ob- 
servatoTy of Paris. It would be a great boon to sstronooiera if tltese 
valuable observatintis were printed ; but the expediency of a search 
for any possible poaitions of Neptune is so great, that it is to bo hoped 

shall Boon hear of an eximination having been ingUtuted. Han? 
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The apparent diameter of Neptune which is subject to no 
sensible variation, is about 2*6", but this diameter reduced to 
the Earth's mean distance from the Sun would subtend an angle 
of 76-6" The real diameter of the planet is about 31,000 
miles, or rather less than that of Uranus. These numbers de- 
pend upon careful measurements with some of the most pow- 
erful European telescopes. 

observations of Uranus as a fixed star occur in Le Monnier's journals, 
and Burckhardt thought he had discovered there an observation of the 
planet Vesta. 




Kivth : form, duuneter, 4S ; dtatAoce from Sun, 46 ; path in Qie erJip- 
tic, ib. ; obliquity of (he ocliptic, ib. ; aacient and modem observa* 
tkina of the obliquity, 47 ; preceaaiou of equinoieB, 4B ; Qutation of 
uia, 4S ; eccentricitj of orbit, motion of apsidea. variable leogtii of 
the seaaoDB. CIO; equation of time, sppareat and mean time, 63 ; 
udereal da;, sidersal asd tropical fears, 53 ; anomalistic year, the 
ancient year, S4 : table of the length of the yeHT, S5. 

L Enlipsea : meaning of the term, caoee of eclipses, 85 ; ecliptical limits, 
S6 ; Dumber of eclipses in a year, 81 ; cycle of eclipses, 8S. 

I fiilipses of the Moon : their nature, length of Earth's ahadov. 103 ; 
phenomena of a total eclipse, ib.; the Moon not always invidble in 
eolipsea, lOl; ancient edipsea, ib.; enlipsee daring the Peloponnesian 
war, lOB ; eclipse observed by Cnlumbus, at Jamaica, ib. 

r Bdipsee of the Sun : partial, total, or annular, 88 ; total eclipses of 
rare occurrence, 89 ; pheuomeoa observed during a total edipie, ib. ; 
the corona, 91 ; red flames or prominences, 93 ; stars visible, BB ; 
effect on the landscape, 96 ; on the animal creation, 97 *, Uie eclipse 
of Joly, 1851, the author's observations in Sweden, 98 ; the eclipse 
if lliBles, 101 ; of Pericles and Agathoclea, IDS. 



Jupter : dutanca, period, and diametor, tSS; telescopic appearwKe 
of surface, ib. ', the belts, 133 ; spots npon the disc, ib. ; axial rota- 
tion, 134; inclination of axis, 136 ; mass, 112 ; ancient observatioD, 
I4S; tables, ib. 

Jupiter's satellites : their discovery, 135; distances and sidereal revolu- 
tioos. ISS ; degree of brightness, ib. ; magnitudes as seen from Jupi- 
ter. 181 ; conGguMtion, ib.; rotations on their alia, 13B ; motions 
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of the nadeB aod Bpaides, 13S; ealipacs. ib.; vetodty of light uoer 
lained from obsprvationa of eclipsea, 139: relation between tlii 
mean motione cif the BatoltiCes, 140; occultBtloDB and transits of | 
satellites and their Hhsdows, ib. 



Hbte ; his distance. lOT ; period, real and apparent diameter, phi 
ib.; appearance of his aurfoce. rotatiiui on axis, lOS; atmoaphere, J 
109: mass, ib. ; difference of diameter, 110-, parallax of Snn finm I 
obserTationa of tbia planet, ib. ; ancient nbaervations, 111 ; occulta- I 
(ion of Jupiter by Mara, ib.; tables of the plaoel, ib. 

Mercury^ his period, 23; distoDce, ib.; axial rotalioD, eccentridty, J 
S4: phnses. real diameter, S5 ; mass, !6; transits over Che Son's 
disc, ib. ; phenomena dnring- transits, 29 ; ancient obeervationei 81 ; 
tables, ib. 

Minor or ultra-zodiacal planets ; Bode'a law of planetary dietaoces — 
plan of seari^, 113', Ceres, 113; Pallaa, 116; Juno, 117; Veata, J 
118; AatTiea, 120; Hebe, 121; Iris, 122; Flora, 12*; Metis, 
Hygeio, I2fl; Partfaenope, ie7 ; Victoria, ib.; Egeria, 13S; Irena, J 
189 ; Eunomia, 180 ; n.iture of these bodies, Olber's theory, ik 

Moon : her dialance, sidereal and tropical revolutions. G6 ; centre 
gravity of Earth and Moon, ib, (note) ; synodical period, phases, 67 ; 1 
eccentncity of orbit, 63; motion of the nodes and apsides, ib.; J 
diameter, apparent and real, 6S ; mass of the Moon, ib. ; nutation, | 
libration, 60; physical libratiun, 61 ; the harvest Moon, ib. ; the 
lunar theory, S2; evection, ib. ; variation, parallactic inequahty, aod 
annual eqnatioa, 33 ; secular acceleration, 64 ; tables, ib. ; reduction 

'■ of Greenffich obaerYationB, S5 ; attraction of Venua, SS (note); 
deecriplinn of surface, 66; aeleiiographic longitudes and latitudes, J 
67 ; names of the lunar apot«, ib. ; Tycho, a great crater, 68 ; Oo- { 
peroicua, Kepler, Eratoatbenes, 70 ; Uuiilius and Pico, 71 ; tabla 1 

' Of the altitudes of lunar mouotaina, ib. ; lunar cavities, 72; aynop- \ 

tical table of the breadtbs of craters, ib. ; the lunar seaa — Mare 
• Cridum, &^, 73 ; poles of the Moon, ti ; atmosphere, ib. ; occulta- 
tions of stars and {Janets, 75 ; volcanoea, 7S ; reasons far doubting 1 
the existence of active volcanoes, 78 : masa or charts of the surbce, I 
79; models of aurbco ur pnrlicul.ir spots, SO; appearances in 
lunar beaveos, Bl ; the lunar day, 82 ; the tides, ib. 
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Neptune: history of the discovery, 176-188; name for planet, ib.; 

mass, 190 ; suspicions of a ring, 191 ; observations previous to 1846, 

Sept 28, 191 ; distance and period, 192. 
Neptune's satellite: discovery, period, 176; distance from primary 

and apparent brightness, 177. 
Nutation of earth's axis, 49. 

Obliquity of ecliptic, 46. 

Precession of equinoxes, 48. 

Saturn : his period and distance, 144 ; figure elliptidty, apparent and 
real diameters, ib. ; belts and spots upon his surface, 145 ; time of 
axial rotation, 146 ; atmosphere, ib. ; ancient obeervatioiis, 164. 

Saturn's ring : discovery, 147 ; position with respect to planet, 148 ; 
phenomena, ib. ; divisions in the ring, 160 ; the dark and newly-dia- , 
covered interior ring, 163 ; measures of this new ring, 154 ; dimen- 
sions of the rings, 156 ; thickness of rings, ib. 

Saturn's satellites : Sir John Herschel's names, 166 ; Titan, 166 ; Jape- 
tus, ib.; Rhea, 157; Dione, 158; Tethys, ib.; Enceladus, 169; Mi- 
mas, 160; Hyperion, 162; diameters of satellites, 168; eclipses, ib. ; 
new investigation, 164. 

Sun: his distance, 11 ; diameter and telesoopic appearance, spots oo 
his disc, 12 ; rotation on his axis, 16 ; disooyerers of the solar spoti^ 
18 ; nature of the spots, 19. 

Tides, 82. 

Time, mean and apparent, 52. 
Transit of Mercury, 26. 
Transit of Venus, 89. 

Uranus : discovery, 165 ; early calculations, 166 ; name of planet, 167; 

old observations of the planet, 168 ; sidereal revolution and distance 

from sun, ib. ; apparent and real diameters, 169 ; appearance of 

planet, ib. ; mass, 176. 
Uranus, satellites o( Sir W. Herschel's discoveries, 169 ; table of 

second and fourth satellite, 170 ; the other satellites seen by Sir W. 

Herschel, ib. ; observations of Messrs. Lassell and O. Strove, 178 ; 

present state of our knowledge respecting the satellites, 175. 
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Veniu: reTolution, distance, diameter, 88; axial rotatioii, 84; spots 
upon her durfiioe, ib.; mountains, 86; seen m the daytime, ib. 
(note) ; supposed satellite, 37 ; Lambert's theory of the supposed 
satellite, 38 (note) ; mass, ib. ; transits oyer the Sun's disc, 89 ; 
table of ancient transits, 42 (note) ; tables of Venus, 48 ; andeot ob- 
servations, 44 ; occultations of stars and planets by Venus, ib. 

Year, anomalistic, sidereal, and tropical, 68. 

Zodiacal light, 20. 
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